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m^* cmtUA AW tMMM\ lilts prioTfsirB 
mimnxzm} m Di:'rsiiair caicsmiATiar. OF 
ip^ c^ EHis or t\m cixmix fmiAim ftmi spcacs 
AS mmfkim m STARCKI c a sticmjpjiQS^is 70 
vx M0C30 moraitB cr sorn raisiiimTai risen cf^  
AOGAfU a i 
i w e ^ K ^ 9^ 
Xt ' j iws a gjpoat plQmmm to cis to a^knoiAodgs i::y 
Ind^btecliioas to ix« A# asyyuEs o i iMiqul , wide*- v«!iio&a 
aMj3^rvl&iott t h t pTOsant v«M?k \MS earxiod out SI-MI cofa;/l@tQ«l* 
ISsriavcrt ^UQ to nocm 'tactinicol c l i f f i c u l t i ^ i tlfei tlwsi© 
could fiot lie? si^xaltted ifiidsr lifca as l»0 took un «iaiJl9jr«iit 
a t I^ny-a-ta i r4wj f iSt f» VsirGbit ^ r^»ya» Tt» t!i«»sis i s baing 
sulyoittod WidoT X* mii Mi !^as-» to #Joa X ac aK*fer©aoly 
lhar»!;fal for Mc intars^-^t i « Un ;mrk d.od ai»coaraoe»»ut6 
t aa olso tiiat'ikf'ji t o tli® fjEja^ Jf D^partoent ©f ;x»oIot}y, 
''\« *.!< tl», ." l i ' jart i , fcjir k indly provi41-s«j f*>;i©@s$tiry f f t c i l i t i o s 
I ala© oKpj?e'3S i3y g r o t i t u ^ to m» .Ulh nasal, naador* 
ooparttxp^t of r^jolo^jy fo r oftcourag^wtsmts* 
Tt'jarsks wm also dM to a l l of fay friorKis arxl rosoarch 
•eholeors of tho Fistiai^ioa msoareli laboratory v^ ho ttolpod OQ 
(jiuring tti8 oouarao of th ip tmtkt 
IMilMB. re 
CjainlaQ an ov®ir inopooaifjg attowtioa i« v^ioua loix;» of 
x&&OGsdl$* tti@ early' clas^oifiaotlon 'om^d oa rjc i^!'it0ioc|ical 
abdroetof® I^ M t^cwitly bmn tmMiM <imJ sow rmn toal'MdciUdd 
lisvo iKiOii ovoivoil* fo uoivo aooo 4f%>ortaot yrsoivod pi?d>loQ3,' 
tte i^ o t^oociioisJ syatoootict, vi>ich i4 l3oaod an tijo spociilcity 
of cliosuicoi cooGtiiuonta* of for 9 nmxi otdblo baaia Cor 
to of^ :3oi tuxoDa:?^  anti syatoootica boo qpoiiou o SXR-^  aro oid 
T®yvt&i f t |j|^ ,»t X960)# ifc 1145a Ixmi icmm m ixs voiy moiol 
iM tl«i at^wtion of ii^ >Q«tainit jsoblmm of i^iogonyt c«toganv, 
p^ Hilot&<ifi 4iMi9mmm mud tmtmwis^^kml cin&ulf ioaiioq of 
flMi sai^rdtlofi of o purUole io ciq oIo«;trte f lold &© 
fMiMiM«iy ftlDtd i t fmmm&a & ekmmm tim pmtoim @na 
9m9&m ase otkitgtci ^feup* m^ tlbKinrfose* i t oaei bo andXyoAd 
•ii«tm|3h6C9ti«ftliy ^itxisltk i» liasoa on thoir dif f <»ii>ntiai 
fii&^eetiofi ol iont in m i^imMa littlil* fhd voiooity (v) in 
«fi 9la«t«ie fi#id (^ vAtb ilNMi9» <44 in A nodm^mliietifig 
viMow UvAA i» V v f i» Utt ftHMTtioiittl oo0ffiaio«t (f} ia 
4^ima iaf stolid Urn t « ^^vm* «itMi* nl» tim v i toot i tr 
^ 13^ l icntld and ir I n ^ISSMSf oiSMs^ wnKSiuM* t^i0g9^&e%m U M I 
^Mtlir #10190 iwmm mnA timml^i* 1999)* ort t l i i t l i i t l » 
diif f @f«iit ^lGet»Qpta?otl«al oalslMKii iMive l^ ioei URNKI iN» 
c^t^rsifiing am im9l«^s%3Si/t g^i^A and ald# f u r ^m f»ie«» 
IMM^in i s d«f i f »d «• ^ » pli dt «<liifili «li» psoiolfi cl0Ott net 
j^ltM'Wfiili %0iWWfifidiiff #i9PiitlMf i ^ l i i i mliittiiljsi 2ffiMi4 i ^ 
fiflwtftfI ifiiftiiMfif tlHHMi flfltt iilMi tens tAUBCMXiia i^ KitklMan ui i i i^ 
i i l l v 1ft IdtHi kflftftifttftaftf ft# miiiiitlif ^BAtMUitM, w^mt l^tea MMr tm m 
Mftd Aftiiiftft Ift ftftbLuft ittMi om^^Mfti fti' ftlftiiftaftair* ittftftftH 
M O l i n I t e C I A L I fti a m i l i ^ ilMMiiMiitf 11 i t MMT i f l ^ lyMHi 
t 
tlurt oimxvsibooQ tdimXfilm mi4 (mm) i t fosponsii^a for 
various dta^os of eoditio by difIcoiont iomxi o€ oaeloie 
aeidsinto pstJtoin laolocaloc (.:aci<Jkt X963| floJEOjr j j ; ! g^JU § 
i%G| l t e J f i ^ « « - j ^ ^ . » Jl9i3} VofJofsky^jgl,., l9Ci3)» 
4;il>ioy |l!X»o) atutod ttiut tlio prinoipoS. <3caspiioJ4>Qiooi imit& 
of t l » 0riif30l b^ &m pmtoin rjoloculotj vliich <xne a •3<K*^  
fii3tt»(50 ol rpriatic afKl pl-jyloooootic I j i fwoo^av jp-ooioa 
Oi-ioeific i^ffotoin var ia t ion coci&cKjt»ootiv ©actc '^ y^ ttio 
victiusi oi 0 -'-tjfixiir oi ciiffoftjnt goaoa» AitE-Joyyb lifio 
atei^tiijpo of ijyotoic^ oi» i-«ll ;^tKx;fi acw ..L'ovioa aioful 
©doptabio f<» q i^d; coE:|)iirioo«S of lor jo n'o r^ijor of imotoli-^ 
on s iiido s&al0* rdtli U)0 toatmt ^vol^^jooDt of variouci 
oioQtjroi:j!K)r&ti«iil i:)i!)t^ ic»clsi for #10 cM^iimtion of ^^toi^is i n 
Iioct%in0tiofi vdtli tiistoclisieKliiiii staining psme&^M!^^^ om is 
6ai>^£il0 of doooRotaratiDg ^Mimm^ pmimim m colotj»^ 
D«iid» in th0 ooiouiiitts swdiusi* Ilw 8t»dy of pseot^in 
v«tiiiUof» mf infcHRa ^M» tiMMditfivy (^lQs«n«st& lidteiQCK) Um 
populiitiontt and t l » wpmimt by t t i i t« tsebi^qiiM* Hi.# 
««toiiiUon ttateti g«l (a«o^rai^QK«tl« «tiiimat em iao mod 
to «^N»yt«9t tm f t u^ i i i a ^K|>at»tiif» oi«et«iQia3oiMitto iaoi»iii» 
Um 9i ^Mit&ifit* Hm ^9et«3ptioi<iiti6 tttudioe i n t««&fK>r:^ eai 
9mas>UmiM4 vid^ wm% tm Impt i n fairvl c3iirin«j ttui «oisnio of 
dtudioo as folXwm t (ll gw^lota of {tnaXoooua ami heoologoiift 
^onod and {tt} omwamim 0t trntogomtlc vmiMtimm io tJbg 
^meim* I t hm b&m fmimJ In am^* opoeios that dia^e^ tfe© 
mtyv^ixiiQ dovoXopsioiit tho pxotoln patt^mo QXQ cooi^lotoly 
sfe^ nrjod to thoijt pti^wtypic ^ppooretiCQ. KacHcai clw^joa of 
pattoww *i33Po obtained in voriouo 5tu^ imi of -^ ro^ 'itfi until i t 
•looolofjoui oir amhorpm spmi^ oms rQOi^ omii>io far iUoiiticaJt 
'Jtioro oro also cosrtoifi iat-soroDt il.^tot^a"jO i.i lilx? 
Co) In on*/ one Qpocioa prot;olr* oloctcq ljo£onir0r,m :r^t; ijo 
vl.ri^>aliv i^or.tlcaX 0«eOjt;tic*3 .jcHiotiCdlly liisi:QU i^C^Zy soi^ jljMiX 
anJ (u> isfea^cal i:iol>llltios o£ i.^ rotoim torU to iKwa-iO loss 
cloar ot til-jbor iovol of orgaoiitation* i t io hr*a«i Umt vajeious 
tissyos of t ^ iKKly ofo <»o£apo@^  of aiao&t invosiayia pmimlm^ 
%l€^6fi tli@t^  aXQ raatiy p»ot«4ii® ^ ieh £«et» not only QpQcim 
dp<»eifie birt orgdn «p@cifie* thofofoiG tho imi@6tic|dtion of 
the pxotoin mystoM @Hiy $»0vi<lo gsmd &mmm im Um study t^ 
intor and iiitra»p<»«ifi& vdriatioD^^ontogeflyt 9»{)^^ sydtoBiitieo 
mA p)iyl09®nry» 
Altbougb n&timm m^md& bsmi bwm «ppli®4 suecosufylly 
by oany «ii^io»i to pirovo tho aft initioo ^nd dif foyttnoeo aoong 
and i0ithiD tlio spooioSf ^tm otixly «ff ii^otoine of HwioQ ayttorat 
ift fo«aiid to Iw swMi vooaK&olilo* Xt laio miiMmm (11^) «iio 
» 
fic»t pointed out tho intQ«««latlonship bo^aaon tha psotoii) 
and gono stmiettDNi* Sit>loy {Jii>6Q) ojtjrii/ioJ lay ^m^r ol0ctroi.^ho* 
ir^ &ita ov^r SOOQ @iad itiltci psotdLm o£ &vim for &lQaai£la^ LiQ4> 
paf|:H:»®o@« |])0»aaui3» and fm {19^) X0£>ovtod xaJD ^Immi patttjrm 
fafoa '.XK# s|>o©iEiof» of at looat JkXj spocioo of ix\ hS^i&m ami 
aeqitllos* 'laroavoi?* tfeo QvaXutionor^ * crvoato and Um 0*9^*^00* 
tiQVO TOCO wlia aKjyit oC cUai'Kjoc l a tbo ^joaoUc iassiiajo. 
S'^  'Ma K>'C>t nto'^io ^ousrco ilun zho oa^liar o.\ l^iia: .jottioilot 
toro ac toul3» bocn'JGO oC .joat. C(x:i5oa cofKlltioa ai" noajofiotic 
{i4iofK>ty4jieai} jowjraptdc viitla-l^n ('loyrt Xy6c|« 2a casa of 
ow»d«or»iis and catackooo-*^ xitjhoo tho pj»coao o'* s^.-oalatiort i s 
ov<in aoro cocpXicotod* For oxac|:)io a itOQinmlQ^^ ioii3 oCtors 
s\!dt«tio» ovor to a GIQJEIOO lifu ond tijo lioroditary ^dvjr>HJCo ia 
stosied due to difforont onviaporwontai corsditioja. ut^o-jos in 
{|ii«ntitii%ivo pjpotoin droetiona oto oC cua^on i^x^ oocKino iii Um 
&Xood tissut® of fiotioo* i t la not only duo to mmoml oh@n<.joQ 
(itMiiif J ^ i ) but pliytiologidoi etioogo ia also coopomiuXo for 
«itoting tlM eoiM»nt»itioiw ^ cxMt psotoin syot^oo* itioiofotot 
doootieiBO difiicuitidA ««o found in ooopoiriaj aXood aorusa 
pvotoin pottomOi booouoo thiv ato xolioctod in Una .ixijility ond 
DII9 to ttio hiqh dogioo of opooiOQ spociiioity tho 
tiQcaoglobin patt(M?m ptctn^do aMfyi iPitmrnHoa in spooioo idonti* 
Gity of tho hooo^le^dn of fistioo hoQ boan rQ|>orti}d l)y amrowoX 
1960) (^^ psp^r oloct3rc^ho«0sia {nul^lor and 3tionko, 1959) # 
liiJt tbo analysis of iKrjo^lobio tsy O'tojccb go! oloct»c j^hos»o©is 
ia tiaofuZ rjot orily ia bioc'».ilcol otuUioo on iOitii^ I^o iKX'icxjio^  
,^ ix^ a-J UKJ >TOJiy oioGUu»;4.ao3- toc'4cd.;UOO ovoUcwIOf tSw 
^)rotolnG of Jif'*oront txsUy k^ iaauoo ^rovido u&ofi^ lirrt«r;)atlo« 
(Da iijny, l9Cfj)t ^ - j * atolotal QUDCIO, oyo lam Qtc« tho 
akoiotai K-JUSCIO ps^toin hoa l^ oon ^uisnd lo txj vory uaoful in 
slonaificotlon at tlio -yor^^let ie^Xlol mxi liigtioi: tastonoalc 
lovola (t?)ur^i SikA** ^^^* to^"^^ :^^ ^ ridXirtOf lt)66| "»^XJ 
g|^ jgj^ », 19(^1 Q&Kmi% lf?2) and also in ooat e^^os ot ^ o apQ<si0a 
lowl (Tdtiyaki $li,A** ^^^^^h tho oMiftilmd® &i store^i g®! 
£ono QldetJroplK i^mtJUs pottitiis oi S3mel& a^ogon (iticqpsoaK LQdQt 
Tiiayiiy. git i l i IM^ "mm^ki $M !Ki>@rt»i 1063} in 0po€io9 
idontifiiMiUcmt in ^ontttli la indaiptfidint of tho fi^tom o^tov 
ttidf} t«cioti«* itit aoalyaio et sut^le ^KiotGim fvoo a ^in^lo 
dpOQiMfi gi¥9$ f®lii^»l« S t a r t s t \3mmim i t i& highly opoei^ 
opoeiCie an^ ox^ftoitly iiWMrittbl» tiitfiin e op^Qioo* ttio (logfoo 
of ftioilafity id tameSm j^ n i^Qifl pettotno ims boon jroporlod 
(t^ii^iM* ^ JL* t iP<^) 4ind i t i s mxf u»of111 fc^ jsii)tl&3&mtic 
til© aoluMe :>rotQinQ froo tlK? CfvQtailine ionseo of 
aany vort<»brotao oyoa ti^ svo boor- atii^ii«l by oamy invooti-ptoKi 
by a vojflotv &f aotl«jcfe« m t ttio o:«Ktt rsjobor of )^ ?«oU>ifl 
ao^.oiioats in tl*Q iQm 0f oasti ai^ cd<8G »rwla itidafloitot v<5icli. 
ck^fkiQ qporj ttio £:3Qthod& mad* Rao^oo of pro tola conpoqonts 
hovo oooa sO|iort€Kl in tJba t>ovif¥:5 XOQQ C'fef^ i^i il^iii.»» I'^U 
jorsy ot>a 'touoi'it ItX^ JU 'laiaal odd •^IjO^w.'i^ iOG5| >,'Oatc«» l<Ajlb) 
ottl in m'^~i,t lo«a fifa:i :*»i7 (.^ tic^ ot. li.*i l^Mji "loiaol. O'NW 
'"»oo>i3ari» 1960s l^ooon oa^ llnaat i*;^!)* **' tUuas? oC-i.st/i:ji»': 
can^ cKTonte tiavo ahm ba»v\ ro j^ostoU in ct^idior- io:jo C* »?i'*ol 0£>4 
(jootlx^ '^ t^ l ^ ^ l o«a iioli luno C Ajitlif i%2; aai 2 l i4»» ^*-^^ 
roi^oovt 1964] • fiocoot invoGtioatocQ oXQ Oi^ i^ iioyinn zocia clactru-. 
i.tic3«»is ia v^ious tm6iQ to stutl^ tliQ aoi^ Miio oyo lora v^rotol.B 
*.»ight» 1960) i toaiooctiooicol toclmliiuss (tlsoolji m^l^^^t 196Xj 
i;»a«r} &^ 3^ od@t lt)i&) €»r fraetiomtlon on various ion oitchango 
eoluooQ {QJ<it^ « 19631 1964i maon MKI lUms* 1966}* l^ xiU^o* 
elMK^al caothex^ om foMnd to lio s^£> bostf intt off<3tr offily 
qtt6Uti»tiiii>@ vooultt CfBmU. l^^jdLft ^961)* similar ontigonle 
s i t ^ b&m «l99 lieQ» DQp^ fftocS i£i <llffQC«at lom ptot^ difKi (ojotk* 
1963t 1964| aobaey* 1964)« /ui ine»&@dt ^ li@ t^^ eo9(»rx»itY liafi 
also »^Q9n ^HM/m in an ioci oxfilidQ^ EaeOiuD CrtiQon aivi iHnodt 1966) ( 
laoaocnraVf SIKMI oar diffofo^t batcihoft dt ion OKS^tmm^ ^^ ewd oloo 
pt 0^9 imm pmtQim m^ Uio ^isti^ii^uUon of 3oli^<» ptoloiixi 
^mm^&mi% wmt mmUim ^km si^ pf»09rti>Ki a9cli&a9« Imff^t i&Nl« 
|}»9Qdlii0 I>« ;^HII9UOD3 Wmsi^ pmsi%(dm iibldi oeoir ia dilf otont 
f£@c|tiofioio& or i>rUy $M ^ >&tiiUi p^^yJUttiom vMeh i;;^  csoms^smey 
for otael^inij th® »ffoote of fi«>liif>3 o«cJ f<» ao«iif3iO{i t^ fiah««v 
ulo«txoptK««tle sttKiios on ^osiici psot<»im tici^ tmm 
emfHmX oift in iisorlm «ms f»o£iftoot«ir vott^wstos C^ ^^ j^ct on4 
Fool» r^g» i ^ 7 | i^ figio and tioo<lit i^S^i t^ vasr) ond tiottiitt i9€©} 
md imm!%me9tm (i^ joo i^ M j L * t i93i ) * sof^ ra^ vsi (»ctoo»ivo dtudios 
«iitiNi fiMMlo OH pi4i«a« ptwloliift lir mmf lnwwtiQotffim afxl « iltoctooo 
JUl #BHf>K>l#«itV IMMI liOWHMI'tlir'IOd i^PMSk IliCl^ tQir to JtOMBT l8llt9f'84Mt Of 
onlailt CoiiBl«r j|di,j||i* I M l t f4E»iiM0lIt i96i|« Mbusilo ft iotiofi 
wm not I«|IQ»l0d I n •l4WtMiKroil0ilf« (|Ki»?lwa ltll«l ItlAOHSt i f M U 
oBd o vofv l i t t l * il^ ^wiwtft iMMi cteaapiraMl i n oyoSUitlMaiaitt f^munli* 
ifttSI)* A (MiiaiMdL liitfaMHMi of filniwfli» ei#%fcaotHO A«iiQigdtiifei» toBimR^ 
p 
INitl««nK of f liii Hmi mmm pmiMkm hmm bom mstox^mA isif 
si8^ imm^3^Q0tmm {miMms m^ Fin « im^ f%m | j i jlkf • ilN&3)« 
EiMiontlyt f^i^&m and Hpgif 11972) shmmmd Mifmemi^ p$tttmm 
#19 sosa^  iWK»9f» ^mM VMJ^ uitmm i ^ $gf^B$m nprnSMi^W* 
gn m «il«eifie fiti<l M^S® ^ mtii^sMf ^oraocotr^ tocl ^ tec i te 
dkirweiiiap^ iEmt 9i iwm ^Imtm^^mtmiM ttotioiqyis <»f tia9liiii<i937)« 
Itiin |i«8i!^l« ^i« lai^ rtttiDO «f |»c0t4iiii$ idllioiil ^ly interdotiofi 
lai^ 1 ^ ii|}|»»rtlfig f^ w^ L^ian md ici i^^tioii 1 ^ viidUiii» ptot^in* 
«f tlw |ii»«ii» i^ brtMvt mmlf&ik 
fm9 i^ MNTtiii^ faNMivtlt ba» lw«n msi^^me^d liy aiftRr iisgwitl^ 
m 
$«8V>en9fii» «i»et funnel in iBoiat ni iHmm ttiillKt* liMimt <|| j||y» 
t9i» vei««Kuri i ^ f ^ fit pii ^t^ mifi fmMis$ tlm% M> Wm p^timm 
siotlar <»>»el,4iiiio{i m& 9Xm (3mim % ion j | | jj^* iM4} mi 
m$.m3L md amtSmm (19115} in f JUih I^ Nfiei «4I^ mt pmitlw e^ ax^M 
i^m#r to ii@ ^i)«raetj9dUtle fm tbi elusid* c^ l>i) i ^ mm$j^ 
IMQfC) |3f0vid«K3 #3tti»fmJlim ftoi»XuiUom oi tmamUm ^mm pWG%&im 
hff fxm ol^tiophQ«96i8 in tviit vwKoDil timifms m mil m 
^c^isHatd tmifm* tim wa^ of rnn^i ami Elallj^ rt ( i9^) i t i l i^tm 
t ^ t ^b& ^oiylsl^ i^ia l^ R>t«lf)» of wfiaio «eo aovo MU90»i««Uv 
tlnllar to ^tm bmm imm ^km to Um fish or Xasi|«Q«/ loot* 
ftMd M o o d MHem OKOtttllllk MDiM f i l i t atanHjMt auttif QfiBf 
tttddteod iHiiiii offio liut tiio liiload ftlnimii oMotiOiiki in ilMfiiiitiiiit 
ffltmiiofliirtp'f iiittdiii did ooif MMMJ* m l i l ^^ •wi doiNiAoaaHHit of na«i rtfant 
MM b^Htibii^  IlitniiBIOlllEiiittMiftiOfl ill iBSCM^O* JMi fOtttiA i t MMI iMlt 
HBMI liSf iiuit tiiioliiMi olAftsioi^ baiiirMttytlir mriiiiiitiii m l 
mmm&m s^ id&^o kmm tMftn mmh m i^mm mi Bmm 
siittniiMft ii^9M} m^mmi ^li»rtsp^»«t£i» ses%il'&s for «HI«« 
t w m m w^ m mm mm rnilnimSM* omipm (if4&> ma» i 
c ^ d a s ditt0n>r^ :@& hmm h^n^ ^mm ^iMtfcpltOftotiedUy 
Doutsfi^ i ^ iimhm il9^\f :i>@3» f i § ^ ) 4»Ki <itmmmd ^ i « i « ( , 
9«i£s (Surira J^ to 20 sxmt^ &i%mt HxU> li^  ff@@ r^l^ t^asi^ iCMNisift 
fnHfc i^f«9te^<. Fit* ^m^me^mm^^ twsiifiltpt J^ f<»ai3di t(0 tm 
iSt 
ISiSSiAiftta i''i^#CTiii1ti<f#ll¥ l^lMi I^ MMI (flllnfltiiintllftfMilIJ ^JHjlBtifiOit IMW 
pmMln imju^mimn f^ «^^ i» bamtUfi^  Alii tli# «6«|MH?i»efi <^ 
ifi i t i idli^ i|^ 3jJ«4 l^£Ki* ^te«# tilt ^l««l9ei»lMiiotl« p«%%mn i i 
vdlui^i for mtm'^ ^ niaMiilc^uliiiaaid i»3d ^i?ip0t^0mm^Wm%ifvmSk% 
t ^ l 4 ^ - and FiscKev. 
Son IISQO) iMi t t l i i td l iMi ii#lii!^yL# soci'tttii i i i fsoei JUnwn^ ttf t i i i i lMNM 
«iHMiiitai^ M I i lJ^f l f t ilWBI WMSMMMk iMtMHI tltf ******** ttiMB^CttSiMMMMlJi* 
fflltiWi ItfiHii^ "^ l^ *^  ^ >^i«^  ^Plirtililfil ^^I'ff^i^ «<Mi in* 
AMgHMMMHi #MHI f a i i f t i r mS^^gumtumi^ |f|WMii|M| | | |M|HM|| MMji tl l i l lMailMlllfi i l 
M i l l i l l l i M wmm Mllnift namitrtn i t t f f lUHHi iMi M H M I i^biA iteiMttiadt 
^ A ^ U ^ A A MM^ftjig^^ftjUK AM|«U^ k ^ ^ u | ^ ^ ^ ^ j f < M ^ ^ ^ M M I ^ ^ ^^^it<Mlk^ ftMHk.% 
IS 
JMfliMiftiii» ii)i«rattM<ii»i iMtiMWffi Hie %mm piioMfi « ^ th» p9$'m§ 
9mMUm» m « pmet of tttid^ of tUm i^m»»^^^ Hm^am$i$^* 
#114 999m tiiwiitiiMiwiiiM pttttmmi ^ ti««ita« iMw««iMr and |F«m 
mol^biJMift m i JMoiftli(M amtf MieieiiMiluid tiuiii 1 ilflUIHM nlMMMi In 
t f i i t iH miiftit titlhfftttfiiw t i ftMiir tiMr oliritQmMrlitt iwlitl«iitfiiii»^ 
14 
fifiiiiiiiyii iwrftis ^u {Sfri y^A\'*,''*"t * j ; ' 
it«^it iiiwitlil^tiet ^mm Mno mam iM^mmt m «ki9 
«M<^ l^ tfkiattQt tmUm W9mA'%» l^nm Hw pis>iv» W» ta^ii«iSm» i» 
fiMBRif i^biti^fti l^iaii tlHft £!hafiMffif*« iriyjli SMSii^ ts liH fwalifliMfi^ 
tl&m In iKldttt@ii« fb» fid# of tii^top ntdltopii t i ^ «^ »@9««iwi 
liw UMI ii%yNiif ttt smiMifi ewtiiHni iriMti^ Laitf I^ J^ CKI tttONHnittt nftrnilifcwi 
^ I M U ffiMNM <iitff4iMiiii, cMttttaiii flflisiinHi IMHDII tilvbdUaid in fa^uftf ixi 
iiwiiiliflii i s H M ftHilfciilliiit f I t t i * imi WM ioui l i n *ttMi o i ^ f iMmia 
f j^ Mi iflii UMI tuft idteMfli^ i n Inife H^ wuMdMUH tSeA^*. Mt6iimmh\ ^  
M M t i l i M I U l i i M M l l i a diiNfilMMMMilA |M» j d y u i gihiMnirild l i M mmnmAkmAmm. 
Migujj^ d||Mt|«MMHPM|| igf *aM| 4|M|k «MigMd|i,irtr|t<M||ia Sa^iyb JMlwt | 3 | | i d i . t i d i l 
^ 
fim^^yi^ lidbffiio All 1 ^ %9si ^Mtmmf^ p9/timm mm^ im»A 
aiffixing boHi i^uiUtiiti^iy ikoa i^iiHll.tdtlv«»lyf indi««tlng 
Dote f l g^»t Cl@60d«|}« Ji9llt) 3!:s|»l,ci^ f t ^ l i t t u i i l m 
mll^m& mat^lm 0lm%»o^>^¥fmmi,u mUm^ tm -Urn dliiiifiaition 
of ml'Mki pmt^fi ttm^mmn^ isi fiahtit :^^ hlbl^ :!mf 9^til4Kit 
h$xM una 3agar^ ls« IH^ j|^»t«i^ mt ^^t a s i f i ^ mssgmm^ • 
mfiapmmU by otUliilQtt* mmU^ «l««tf8p^««««iftt llioy Also 
flp*" ^WIWPPBIWBI^P I^WiWir TIIP BF^MI^tiWBiWpiPwWilli 4MRMIA •A^vAwH'''MPp'fc^^^'P^'WlMp^ HP** WP^M^ lir^WWflii'W %IW* 
sytsmi f^ nsHyiiiaft lunMi MIMA l a m ***«»** * ^ IJM «UUI|M» I ninMi^ tm 
fltttutt Inr aiaaliiiififta i in l l t i lnm attvtuilift 111 jttliimritMiMiiiI i i 
SttMHltfllLlli fIMMH ilMMMMl H i t Hafllll QOttliAlli Ht *iM*t*fcM^  «AA«Miii»> 
o€ n t i i i i i n l i i ftlMHt'taimt an l i f i t i iM l 4MKI t t i i t ttmii l i iaidi* 
MliRMBilMMl Aft * t ^ I l i U M MjoliiMMi (ffiilltiiTiliil jyMijAgi AlflalBMHiMlMr 
i€> 
wm$M in « «ipi4 2Mm «««l« tMNEMmSn^  of tulood pc«l»iciB on « 
s o l i d diii^pott* 
ikmilm^ liy s ^ l M o a | i^^> m$m ttat^^ <{s^«Mtv i^od) ^ ^ 
mig^^sti^ oocHm* A »Qisi^ (ti»£il$> lmiofi»t of tlio msiior of 
pi!i3%(^ m}ppoite»iit0 me^ (lotootod i n ti»iajt^  mmm» i t t i ^ Iioon 
t^cblv ^dbpt^ m # p»otolf) fsoetiof^lioci IKIIIIOS t&io 1»> t to 
8''^ villi ptoposrtiost «jliieli dlloit Ilia cil^roliof} of t^ otl) ussoll 
ofKi iavgt pxotoin mimvUm^ eoritrwsy ^ iiooo^^\rii^ m^ m^$ 
^iQh imB ^ht priim&pio ^ ii!md,f¥2 m t ^ i s i b^foifo i95$« tiM 
jaotliod i 9 citato 0^m%s^3^mm b^f&mm& t% bm Urn osg»ooitf t o 
GCRapofo i i«9o m«al}^ ti m^is^ijm &t & Uimw ^^t^ it» mutxmm 
mmiU,'it%t$ m^ oot« of aonlpiiottais Hio oon&idtonov of tlio 
tlootcopl%>fOtio p«ttei»30 !» n^m^ goi ojyoo^ m^ t^ioco&iJ^  i$ found 
to bo mmi pmsimmi^ ^hm ttie pvowiotift aotliw$o« 
hm boon aooo on oi^nn pcotoim (|»i^«id mA aol)«vtOt J ^ ^ 
i^^ata* i^ OdOflki i9i7«tl>|# liosio9iot»lfii (fo^roidl H j | | » t i i ^ t 
iM@i ii i i iwio i l i l ^ t I fat t ) ottoKiiOt (mtlMHrt oAd ilvili»» 
ti0S$% f<|pioo# jyMhlit iMfeii iiitf iiotviMNiiii JMNO^ i ft|$liio onO tsmft 
i9(t9^* ifiili) 4Mid alift iMHMi (tilimm ttiioiiB nnolMiiMi* tftiiHrtjQkuvftittiv 
tbin nottoil lioo IMMMI anffltioiil loioot t o olmiir OMO IOOO tmtn^miLait tiM 
4f 
«f i$m mmtm^iam iff tiavflii 9»l tAm^mi^^mm^ and $mmi& 
cellular i^pottlm Gi «alMUi C^ ^^ ^^ »^ i^^l* \im$MSjm^$ja 
hlm4 mmm ^ m^Mn p9ttmm& hem etim ^mn mpm^j^ ^ mmmtil 
mi^mm |s«it&t J^7f rir^t|jjy>t W^ i^i^mi^ J^<^t I9if«t 
•itar tiii i i i iimrtiitni ttiiMiil M il** l i i ^ tiwiiini liiVI* 
m 
->*f<i'*j5r*?^ 
1^  l l « ^ f J ^ t i c m @f t i l t |^^fcl#@ t@<ltllllU|lli U t H l M i 
p«»IV^^i^l^^ii^ 1^^ iMi^sd tt' ^%m^ ia i i for tHo ii|>Qt«tlo<i 
of pxoto&Dt iiMfisk dfid oemtoiHf W^ m^fomid md ^^^^Ma:mM$ 
If If]* tlio i»i>iyitarylii!^ i«dNi 991 l i piipipo^ mm emmm^lm^f 
%hm tItO' ttc^i) 9ti« Hwr po»o9&'ty <€ ^M»' g§t mn l>o oiMUUlv 
s^mto4 mme n ^M wmgR ^ «li{insiDgt tiio i$oi%ootr«tli»t of 
t ^ ofiqeyiaai^# ouo to ^ almoiioo ol liit s^me^m m t t^ goli 
^M olootco-oKiotio film i t fiU.^  dMb^t ^i^^tm$^msmiM$ Hit 
polyaccy^ LogjIcIo 994 lo ^mmpmmtt ood ot»T $<^  IMH%IIII« oovio 
iNMl GVfiotoiii ( I S ^ liiteof^ Nieod 0 iii«t «o«lii4 i^io# ^llse olo6t»os»tio»> 
wrniM^ imr ^ 0 »iip4»o%loii of pmMla» oilMir liit divolo|)Miii of 
oAd Hio talfiar iofi»o «iro i^ NPir c^^ir* i to odlvofileato Ho iit tU 
ODomrtliOOi ood fwifiiiffMil ooit» o€ ioortiiili ond •flto<Mrttolo# flio 
ftio ithfiftlti j t w 400 #ioti 4liffiwoo% Oioptloo 000 110% iw ooopMotf 
00 tlio gyMii CMJL ttod Hio lilif filittiltloft .iinaiiidaijiood in Vbtt jmoiiliiiid 
'boodo fnMmlit I i l fool 11 
ijMnf anttoiitiliidBi flai^liflMOd ^ ^^MI i»t<K>tjfBi itiinon 1 • fgtf UMI 
iOf tOf t l i l l l of' mmimam mmmtmAgm IllMi^ iOA M M ^ ^ A ^^mmmAgiiigm mmA uttljil 
i» 
t9«^^iid fif tmu Ci@<^ )« fmma mmwfi p&iiftmi0mm %n tut 
vitittliMm tmm psmmt in ^ai^laj ifitonaiUts of ijicti^ ^ at 
'^M4 iatc^ tgmt iwd mx^ tilg^oar mmm^n^&Uj&m ^ pmM.m 
& ^ M tm>ck tmmt oi & 9^B%&SM ^& Is 9£a8JUl0jr md bm & 
^»HMtimm ^ pm%^ pstUmm in ^ba tmmm of f i t t e r ^p&tim 
in ei«i9lf ientlocw Xt ^c^p^iii to IKI <lia» t@ i^nsow Mmmit^ 
ap'<W^I^^WlWHPWW WBH*Tlf^ i» •^^mWW P^Pf^ lHjWIIBB* 'II^^IHWF V F B ™B^P» ' *^ ^BMBWIIWMP HIPP^^F^IBBP W P ' W ^ P ' M WWWBHIPMI. ^ ' ^ B * •( 
iMi dhMMMlMy^  iiDon fidttra oldaMir Hum cMMtitti* AOd ttiwfono _ 
^Mi%i IMMliilMMl 'iWI iMBMNQinjlQ StMd^ MMI« TlWWIiUfWit <11 t WBOMI 
^^^^^^^^^^"** •^w^^ i^p^^^* ^B^j^v^^" ^^^pii^ p^w 4W^np"^i^^v ^^N^^w ^^^^^K^^w ^wwi^ ^^ ^^ p ^Mpp^i^^wx^^^w^ ^Hp^^p^iPW''w'ffP^p 
n^ ntlniNMi twittli 40tf t i l l flp99i^wi (pf jQHHittKUlMl H M M tntliiMMl 
iHMiQiiiAMl tlMf% ifeiyiiirii> U M I ttpiMiiift ffiihtl'flitjl.ihr i s flNiiiyn(liiyMNi tMfk 
30 
wmtm pffKMMriii vi«ii%lon» In m^xikm ttcnil m mmimiM # i l» 
iMiiKi pUmm pmMM pi^%mim of ^ t f»lANfit ttotife l^ ir «Ms« 
ieiif:!k»lf m^lti^i and t^ aeli a(»tti@(l I te lU ^^mmm^ md ^$M^^$m 
f IMP aifl«ii:^Uiiii| t ^ ift€Msl«etel«i potol mi ^wii l l i ty etnnroa* 
llMSNas^  i t i@ l t a« iitaiiMv@ tliMi stated ftt i « r iiafflijiM»eld«ttt9|:te» 
ttff ii« i»«d Mm < p t f ^ t i t t i i i t « # IwH «toi t » «#§« of tn^xiyiingf 
•i«iiii|wMU|Myft MHMMUMii imi DiiGttiljitiiin itiaitiiiM Hwyfi^ i t I I M I >*«*• 
qpMHilitallwi wi l i i t t St • ! • • inwnidw « mmf 6 i # a t n i i t i i i i 
tMit. dup toanaiHnilWtt I9M iMBvijnidii ttil, ^ M M I MMMHiiMttt^v 
nttHuuMd Hyufk MuK g,4iiM^ Mfei w^dt i ^ ttomiitiy flf tlHi iMtvirliaMdbto 
n 
«ia» 0f the i^ eotitino* am Xmt^ fmSam ef « « ^ I A » em not 
b» «<x3pd«»d Of) ttit NRMi 9»1* HMKrafoflNi sieto »tdrfi^ 9tl 
to 3%^ tiKi dvt l;im mii mmm ptcits^iSi i^ ti@«i IM^® iwbm 
dtl^iitidn $iae li©^ |3#i4 in ii%Jiii to a*^ !!!^  ^ » prgttim oid«tKo* 
pts<^ £*@Uei}liv« ^J^^t for titt psoUolnsdry t^sd; &f dl^ f^ ^^ ^Pifi^ lidr 
pmt<:kim is av@iliM@» tl^ r@<^#ri p$Mi6iii£if%i mi^m ^m ^matQl 
t^4e0t iJio$hi»''.iie$l tvs^ooistia^t mi^^y tia^od on 3t4»{^ 90! 
@I@6trei>iiov t^i0 studi96 M v#rii^ ii» ymisnim hmm mt m fm 
bmm r^p«rtod« ©n ^19 eo/^ tiraiyf in utk^at mm^Hm #s^ !io» 
tei^Msait stiiidii»& ftub^octtd tci fistuHi m^ 9i$t#ei»iv»* 
th^W9^mm tlis p«e«@i»t isetle w» miims%ekmi to study in 
tmlf ¥iiftffii is iwdfia t>ir«aMfif d IHUNI in M M fottei idE tfcdUi tli i iti i i 
lattinifirtiitt dUiiiitiA a€ tlMi I M W iw^Kafttiiik twntifnlYiiilffiifi ii# 
i t t io i 9i «Tt l»m^ of sow Ijpic^ iniistdjr H^fm^ of Mi9«a^» 
in ^m. pmt^tn p$ttmm 0f !iic»l«f eox'UM&X audi i^ nidUMiif oy^ 
siofuly mUt^ tp®«i«t latel^tifelif. jTOMif C3io«ti5 snd 
M, 
f€^ tlis soliMe <iy» Ions p¥Ql&Qim imd d^ dpocj^ ef f i9 t )^ 
0%m ft«o»lifi9 the l 0 ^ ^ add M ^ L ^ ^ naeli i|:>i»eiq»»t 
Itui iilacMf iMdi HfltliiMf^ tdl i l l A ^Inf* fllimifia tltaMirtHtiifl cOUwitle 
I W I H I * idflMV Itiianitfin 41; ttfiA iMMja* i i^ HMiii ifcttMrniHeiiiyHMii^  t i t M M I 
iiHfaiKliiiMl i^ HMf <Kiiiliiii'tfiii||illiiil ^ 9000 flptt §tt^ ^ init.iiiitiii 0MA 
<sw 
XGOQVO foi^iticin q«itari#lo« jUimos mm than pX@eod i n a dxyt 
^iQatif air Uaht ^tasil isml plootic tuibo mid ittiUscicI 
tlia Xom oxteucta l^OJW ^ r^^ yporod i n - .^uiO v^- saiifKr aolation 
miual tcs i^ 4A»03dKi«2"laIy ton tiao^ of t to %mt vjoigtit oC t^w 
tiaayito at spooa t«:|>©«'aiwir0 i n i» qlmQ osxVm vdth - ^ lioip 
of 0 pj5»stlQ* ttia tuto ol t i l t 0ac^ oatract v«3 i^ti !io@Xo4 
ond alioo^ tiioroagjjly ot cjoa ix>ar intoiwrol JariiKj 24 liowa of 
OiiteicUon Hi l^J^j* HKJ Jlosm o^feiras;^ wore claaffonJ ts^ 
cantriloyotlon at QSki^  Jipa for 2 t^JifiiJtoa* ttio claoxo-
eiJ^ joJRWtont w{^ l*jpoaistoiY osod fear 0l€fctir«^.'h<«^ia or 
otoroa ot -Q^s iK i i i l t;K5CKi £«^ smjlv^is. 
tt3o potato sterol) m& W^^XQlymd mcotdlivj %o iho aG%i.od 
of scaithi^ il9&^) t^ th 0li9bt aocliCi«ation« liX) go a£ potato 
»t«t«ii (0011) i3tt» mm^mMi i n cSoiMii voiwi& <^ m&t&rm !ICX 
(lODii) St 37*&% im iBQ f^knaim imtood «f ^ (^U»I$Q<I« 
I t lai «f i IS todiun •o t td t t wit Mm& to stop tli& vo^etion* 
tlion i t 1MHI «i|»«Kt»^V MIMIIIQ4 tliovouatiiy « i l ^ d i t t i l i ed «mt9r 
vfitli « Hummer ftaaMil# f te o tdv^ vtm ampmn^mi o^dtnight in 
iAi9» ifQi«im o i (iaidtiUo4 «iet^ to tmsam tbo traeoo pf oeotdto* 
Siiiit famfiifig ttie t t a i i l i mm m^f^ t«pQ#t«dlv tsio&ticrdi t4th 
<tittiil<i<l wtttor «fidl a i i ^ ofK» lattti ooditini liorato btiff«r <9ttl} 
of SaitM<» Ci^^)» FiridXIy i t \wa dotiydpotod v4.tb aoatono 
iny to tiKsi Qotrjod «l a^C3io5 (1^0^ for cr/o lona pjrotOAos. 
.^atiton and Dratfern {imi) vmm otqi>:it?vocl for sorua pmz&im$ 
* 
13 ^3 of Iiysli?&ly9©d atawtsli nos oOJcHi to 1.AJ LII of 'jol 
.MiiQti, Ttio nsixtos© -.aa fsootod iiiUt Comtont afd vljosroua 
sUsviAj by 0 Qiioas sod t^'itii tho atoxch gitoii'io rMp&arod* 
;faan £3 viocotis .icoogoiK^s solution «/©o ditoinodt tho flosli goo 
roaovocJ is<so •Um bosime* ttno s i r bybi^ loo mm xooovod f»op 
tho .joX Ijy ^ v#ji?v' shoirt t^amiv^ at«ip a£ niboist JUa ^om vtiUi 
Q n^^dtivo pccMi&ttt9* otit lor tlio t^qpcmurv ^tdtiom soithi^o 
(I9m) dagomiti^ Btiop i^m smAil0d £ir letting tlio Itmffdr mm 
Oil fliilc M U S MKI by 9^ t iv s^lvliim ttko fi««fe mUl liio 
0iaJlifU4»i m» tiMin poi»w$ $M%Q- ptimpon aoaiao of 6» 111^* 11 f«» 
vibm^ mtUX^ wsm 9Am»^ «Qfttod witli radadl oi l oiiKi^ ttid 
(iMRMKlMr •&dit) o f t i l id fiKXlId «MHI fllBOd t#fM>mMMffi,lirf' mtthi tllO 
M 
holi> ni mllulm<} ml£ ^tlekim t^^ &^ ^^ otljoar titmttt m i l t 
vjQjfti poismnantlv f iitt4« Polmtit^lmm f i ^» mm mod %G COVSV 
t!ti0 g^Ist ^Meh t^ ««r 0Qlidtifidd at S^ C in e xoiHgsmittm* 
'iQti^imt&ti golo wi^ m olJtoirjod irt 2»S Iws for oi^ ctiroj^ ^hcamaia. 
P3pmlily' J3s^ gold iieiw loiiEid au^xj^ ior thm tli& jola stcawKl owat 
QitfKir to sold or at SECMSQ ta-ifaaratifiBe foe 24 lioiaa* 
sticking to|x?f t«w «oapv®d and i aa ^liek gloou stioal of oitact 
crooij soetion 0f ^ ^ cxwld ^^ laa imortod to llio :x>ttQO ox tho 
poal^l. AUtOQoticoily fetia 90! of i aa ttiicUiXJoa «aci pmhod 543 
aniCoaKilv" sbmQ tlio yslla omi tl:*Q -y^ issa. aliooa ur4.f c^ t^ jly L?v 
tMvfiwj Q U)in vdm aaage alaTj ttKj odgo of tibo r-ioialUn A tuiii 
polyot%laiio film of mtmt croao acKSiion c^ ttio 90! VJOQ ^^acod 
to mx3mm air b%^ >bi09 fitxa tbo gol* ri.tl} tho hoip o£ tlio 
poiyotiiivlofi^  f i io ^ «j»U m to t ^ o inl^intago <^  th^ stiekJ^ 
fiOQ« of t ^ siflrfftoo <€ ^m goit thd tMa dHoo t»9® slo^v 
(iotaotiod iwpm ISIMI tost of tbt 901* Hio othor sido of the go! 
9iioo «ca« eowflHNKt oiiallaxiy «dtki thin polyotliylono flkw A 
9ioftO sfe&ot of ««»& disMmiofiB woe ogain inooctod lioioi? tho 
pyovicAJsiy ii3aovto<l giaa® ttviot itnd in tliin wi^ o i ^ o&l 
9Xieo8 of apgxonitafttoiy oqtiol <ikmmij&m mm o ^ off* AU 
tho aiiooo mm eemmd on t»oth oiaoo by polyotliyiooo f ilo* 
m 
on© ttiird fJfora om orjd i"4.tfj tho holp oi a f la t ior»*:^» lh@ 
bloUms vj»fo thor. carofully talioa oiit and thua iiv® -felots WIW 
foiCQOd» And ii5 t!:iis i ^ forty alota in tt»o oi^lit sH<«is laejro 
tlio Gllcoa v4.tb polyotlsyXorw Tilir? oftor tho iat«^JyQt;ioq ^f 
uot^ iloc* tiKJt fx) oir ati>isXo& tmmivml ost^iiom in z\m qol* 
tho oi.jht coll caipaxkxjt^ita ij© %^ £iCi«il>od ay tauv'"*^^ M .•^ ,1* 
(rj&{>) ricao w©d for uiocirq-iKasooio* i^ll -Jsa oijUt olicos 
t«jrD ploctd aopsrat^lVi <xm in osc!i ol -cha co:.^jort'io;it oC 
C»'J atia diiionaiom. .Uac.^  sidb oC «he 'jol DIICC ma tsaoJ aa 
tbo Dric^ jQ# *|tio 30I olifiioS' \^TQ cattsflillv «>viJuatoJ in UIQ 
t5a:^ ^ort'3Qftta UJ.cl:i vx?«i fillod Imli inch baloii ttio ^ tilth 
i^ rldi^ o Dtiffor* Itio toxtiirmls of the ooap-srtnQnts of ti-jo 3i<ioa 
^aro oowio€tod t4.tti t^o diroct curront pmmt suj^iiy C^«y 
Adco cl@etr<^liosciais t^iit)* dLoctec^hoarosia \s3^ easxlod out 
for tiio t^ ours at s constant voltago <^ KK) thioiiyrlioiit tho run, 
«fhieh ra|3r@9#ntfi tli0 voltdg^ gvedimit of 5 volt/eo <^  tl)o ^aldth 
of th@ 90I* 
ilMiffifi ilMlliiilSi> 
Aftor tuo hotsrt sun* tiio ouneont mod ttimod €ff ond 
P«ilfittb|fi^tt «wv«ringi ^ M » both si<li9« itie 90I 9li««t « « • 
.m um,mmmm m mmfmmm 
lao til of ocftlJunait ^ ^ --"^  of . i i a t i l l a ^ swtoiPt CO n l 
o£ gloci / j l acatle »«I4# 75 ril of ^ilyaaicifs anJ ^ ^ ^ ^p. of 
Andda iiocis L/a* A s j o l l &JOJ{it o i atod; ooiut ion vmu 
iXiimsd on tl'io gal* Aftor a^a ..itirv}'a0(5 ttie ou^ sosa dya i^o 
jro.iowcl iiV i«cuy^tifv:i i t i.n 4 solution of l i i^arte of i:«ltl^riQlt 
X p-mtt 9lacio3. oeotlc acid m^ 5 ,:arta d is t i l l oc l smtms^ md 
i o th is i^y ttio c|c3sl C£jn IJO atoTOd fo r a lorssjor ^o r l o i vdUioyt 
9 hoot im pt ioto^p'^v* 
0.3 g sudi3» oldek o^turdtoa vilth liQO ctX of 6D olediol 
a t boUi<)0 point t eoolod &mi f iX to fwl tuaim* Hio i^ oX &iico 
«foa 9t«ifi0d ovosni^it and r i m ^ d tkm& tlmm i n 5Q aleoHol* 
the fOU«N4I I9 «tiMlk • i^ t i t io f i \»ta |»ip««o<S* 100 a l 
Si 
d«9tiit9 (3 11^ 0) t i*S i:il gXaeiitl orot ic a«id» u*3 g rttco&o*H 
TtM soJLutian ^m pmtfou ovor t l ^ ^ fo r 25 cilmitos sttd tfnon 
%iom suajfi d i t o r «j imi- ! '»yi^ as. faJU^t j r cw i JO«'US* t t e cjjecKia 
of X poreofit i n Oy^ual on»uf}'te of aJUslliiOta viator ooci 5CotofX>« 
4 ;,il -Qi jJts aolation ami 3 J 0 aj oi Toot Jluo :ta vtos aAkxl 
to SX) a l of SioUlUD fili^^hot® bti l for ot pn 7 (aujwt^not 
JL9C»2)* Goio mm incubutod for oos bour ot toop tocvwotaro. 
36 
tt)t m^ lmi» pmMim ^ tis^bm ^m^ bmn itsmd %» im 
9i»|iM# oyt JUant pfot^lm hmm ismt^ m^ mamMv t:^ tmii 
MMimefmim mi al^o for t^ ncmottiieal pi]X|;kO)Nm (Bismitt Aod 
tnz^Um Df mminSamMi mm/am ^ «NW& dmrn in o^^himt 
Zk 
iiniitt I Aft, imnn 
.fiiil(?'^ i1flffW r M M ^ f # l i CS i^'d^ l^t ,^ ;ftj8fi^ f^i l^flffii^^f^, {jLiiin*|t 
in ^4l»tiir u 
IHUii MMM ttBKB *tt lititii ftlisiiidi'* fha tuifimffi HMNI ftrHhfflglftiil I A -«*MWM> 
^ 
tli0ir sio^litVt dto& r^dog ifil«mity« i^ t l ) @ii^  inmaltitio^ of tlw 
JmmSSSSk mSBmSmSm* 
t^tt fjfsctJUmn mm ^%mtM in z^ oy© lam ul^cts^oiAwsm* 
f^tm &i ^ ttjS^a. (fabler a\t l'^ f» ^4* '"^^ fJre^tiom OCQ 
Q|)9(»rv^ tm^Qirc^  Urn issl^xi^* CD© aXmv oi^tatlit^ pj^otain CCK.^ X>-
ntmt | i)f eli»ii«&t to tiKi point t^ f origin an ^m cs^iodal tid@ 
iiemtlon ^k}« ia $^ «:it %& tM pallet of j»ppiicdtii3«%* 3mi%km • 
IS pait of fortliodt mi^mUm pxotolfi f.7ji@iliC»»i (« a n) f^ ota t!^ ^ 
MJMI iXBOiilill flfaetiOCMI MH OMJ^UBMI ici th t OloetiVOS l^MNMltlA 
|W%liiKi «t i u m mamm itMit m% rif* i&H f^m mi imm iam^ 
<i# 
feiistf^ ^tm «s#thfiMlo d p«l£ of f^ t l i ^ t otl^raUog ps^tain 
fxwsUom &m %$MUx t«» t i^ fFdetiof»» (man) «yf j | * jyUflM 
ia nsjEy«!W imd I l j i t iv tislsD^df 'mt nont so t^la l^ a^ ditU) ia 
iialitly stdintd tiltfe ¥«FV pooar t^olytlon* . Ali Urn ar^ odic 
csicP^ating :^«3d|ionioati* ^ a b^milf Qt&it'md a^etpt tin? slw-t 
I»«tl4»eii of y ^^f^ (Tal»lo 2:t m.j» i* l^f t i i^ o^ xiiUli i%j-ate 
toi«i««l9 ttiai eatliocl»» FainiKi^ t oi^^ntii^g Uwm mtimkil H&^JO^ 
mmt» (i(* gi ^ fi) mm i^endy sta&n^ imo. si^ sp^atud fjcm;^  tti@ 
»tiailf^{)9 ^mgmmi^t "t^ Misti i«9 U ^ t l v t^oimKl dnd poorly 
twmUm$ itmSm 2i»» fi9« I0)» «f laiii^ f«»ir li»u»Ui»ntt mm found 
««»«l^ ^Ni f««lbMt «ig»i«lfig laii«l«n |fi | , t^ idMli lit wiU tti^ntdU 
m 
tha j^^ K> \iiki 0m mnxm unci Xi'JitIv itali»4« fmst»rcl@ 1I19 s^ -^ xltt 
fjr#Qiii3<i |d) iis bmmi aii4 darkly slainml* 
S%%l««ii f mm t^xmsm^ ivem t ^ imm ^m^lm of t ^ f i« l i^ of 
liitfiar d^ngii liUUn p«tl4»m l^ j^  ws» PIKJ^MNKI f CQO ihsr f isb oy® l^ ns 
Psttjaefi r eofisitts of «il3^t f;ro$tlmi» (T«i^ 2r}^ fivo 
leHi on fSm ootttottol oi«li* rort^ott «l^iiU»9 Hiioo f«@atioiit 
(i^i tt H fi) «ni m ^ otolni^t vatiiln sJonr taifeoUiig two ffootioni 
( i a 1} i f t intonttly otMi&iMMl* Qoiytiorflo oA^mUm ti»»o im$» 
« M | 
thin pBXt&m «iiff#« ima tlia putltin F in /W msmy^ f^ ^Hnwit 
Cons' of 'JiJcti a « t©wi»]«i t!» adi!««$a CT«.4G a if Fi-j* 1 c4« 
IT*: friH:tion5 Qm mr^m^ sad aodte-rstoly stf^limli m*fSm>t ttm 
fx<^ fetion® (ri;i* ill)* 0^ tli0 amxial %$M %i* imvi& mo 0^mm@<^» 
IM^  t^ fsr%^mt alfrdtii^ pair iiands am tUm v4.th #di^ 
^Piir 
mm^^iim tm^Umm mm B%ailm t& l ^ t of @(} «Niali f i»^« 
i"loxt to this iMrtd cjiie p«crt0ifi SSCMIQ 4S VWV' li^^Jliy stairmi* 
Fi*tha«t algrotii^ wmmiMm ^xmtQis% m^'^i&mM &m 'mtmrn ^i^ 
it0»%® 23$ f ig* i J l t / W f«U(»^  on tti0 i»^l^o$liii »iM «Mel> iso^ t 
1 ^ fatttKHit Qlfp»tift|i m^* 1tK»y «»» w i l l ftta&ii»ci md ^Um 
S«¥9f) fiOfilWWiMllPi «ini CAMMMWHKI i » t i l t «tltt(rt««|pllt««Of»Wi 
m 
if}9 BUm ta^gmtlm &&3^mf>^ (t 4 Is) mm tmtmm^ li#iyiv st^irwa 
^ 1 ^ va«v pom mmhMmi* l^mm i ^ tmm iw&uUwm mi Mw 
tm^Mls ttiMim imetlmm itM& diit Fig* 20) • Vmm mtbGiiie 
cji||»jtir^ I>3p©t®ii5 «»|>«rwiits &m ra^ wsui ami ii-jtitXy si®ifi©4t 
#f« idmmemd %mms!^ Mm amxl®* Tf^  f^ u;tl¥>»t c.}|giMiiir«0 fracstlo:^ . 
{#) i^ lm% intom^y steintU than tlii ns^ ^^ i^iiing %«> IrMiiom 
(6 a ^h 
on* Hmthmt laipwtiiii fuMti^ti («> m «bo a«ioM «i<l(i ftnd « 
gram of L | ^ ^ , t^ii^ffif CT4M« ciut ria* 2E|» &i Um mttmkil 
on HI* mecMtl. t l ^ <ifi» l«niii»t sailgBstitAQ fvwiUfifi (•} i t 
fNitlttnt Ci«i4* 4&t fift 3i)* tlsa»« m$ imt §»mimm mm ftuni 
in 
ftnd M^mm & tmimwf to im» ^ t t i •««!) otfs^* natMilnins 
I^ Kyt«»ifi9 ^Ktr^tiKi l^ roa ^Sm &f^ imm of j ^ 
,Wliii»»^tf»»iiiiff»)iii»iMg«fi»w1Wiii:i iiJTiffliiffiifllWWiMBif* 
»^ Ik fMMM^ ir»Wm C ,^ rig* m)» tm imtimmt a^^mtim 
pmi^ist ftmUiom (1 a a) on tk& e«tlio4aI slxtt mm li9liUy 
m 
fmetiom Ciai^ii SMv« ria« %)* ai^ i3^»r)£to mm m i^tbaar s i i i i of 
I te poipt of adoi^ ai^^oati<m« t%ifi» f ior^ i^t qigsstin^ pi?otoln 
l>a^ (o) tm tl i^ ««iliotliii didi U iMiii 9t^r«»cl «iidi «i9«riy 
tti^mmt^A imm ^t» nwit t»o tiofidft (is a n) • isM«^ «»§ ^iHtiy 
stftinod af«i s«p«*i%t(3 t»y « mmwm •{NKM^# ol^«r tl«»o l»eaii 
(i« k n i ) «•• iit«ioi»« l i# i t i t f ilMdiysKi md lof pcMat soooliiUon^ 
41 
%^ ^Ks^md mm {b) t^iiUlt JUi tm»a«l«^  md Immm* tim imettvmt 
Ql^'m)'3,tmi u teJ^ooey to fysa i'4.th &mh otiKijr* on Hi® m'^&l 
9S4@« mai^^t t0 t ^ point 9i mm^f>l& ^pll«dtioo» tli@«ii &s s 
v®jey naif»©5» aerjd iis^stly n%^m4 fjpaetiori C l^* 1 ^ taeorja ar^ 
i:dgx»ti(^ ^iio brn^ (« IX f) am ^^#nt mitikQ t!hQm ^ 
•ttliMMlt tilt imf^bm% silptttiim pteMUi l i tn^ (»# n a «) «t<t 
4|E|^  
&m torn 'mmi^$ ef ^^^ bmd it>l U tefiav BUimfU mUmif 
t!i« fartSwst ralgif^ti^j pffotoin IJ^ MI& (£I U n} m^ mlX $t&lm4» 
&t@in(Kl* t t^ 3rt!K3»inifK| f 6irttwst t^^m^^ protgit^ l^ridi 
»f ^tmrnemd litlim «ift not only «^i«ia«t««l»tl« U Miivm^ 
•l#Btiiiiii iiiitifiHWWii Mm ai&Kk iMtttttHltM^ §&t ininiiirtiiii t i i i f i t t ft i t l fcimi 
Hg iM i f l mm #JM» otaMittCMilVtiitt t t f l t t a i ii **«Mit<M» OlMiMil l i iAl l f t h i M i 
m 
b$m mdlB in Med Ufnn im&m^p i9l0 m^ iisk imm im&im&ft 
1 9 ^ oolal^  l i jjt»f iMBm SiaitNi MmU ^M-tb mmm to ^ « 
ioimd i^ Im asmt mUM^ t^^bm^^&l mit0H» in tlm ^tudy of 
i t it} px-^tl^Uy Qp&eimh $pcH:ili€« '|ti&;QoJU9cylsr vitigtvi nf 
l>»ftalrii} on tlK» ^atlKiKiiil Binkf mm ^^mh txmt ®t i^Xd ix\ ttie ^ ^ 
At &;>oo4ac lowlf idQi-^t'i in aloots^Otimso j^ism of %^Q 
e3«aaly «»ltt#il ^>QQim i t of tap foiTKl in IIKJIO «y» l«i«s p»©tt4m 
<s(ia iMs «@f jtod^ tli^ Ui^^taticm f<3sr dltt^ctirni ^nidtie iliff&t#t-}e«iis< 
0R# ^ sm^ |.^ mt®im vjltfi tli& tao? aolsilit? at %tdM Im^l %\mm 
49Sfm \sf x^vfpM. ^ ^ * X9M% iMi90mmm in tli» utooltf ittottins 
sm Dot « i^t0Otod t»i 9l^tae«|>lio»ifti»* ««NM6b ooiild voaylt yoodiiiy 
by i»^ti^itiofio in fte p«iiVP*^tidt #i^lii c^ !!)y% r^oi^ io^ i« ^ 
liy<iKo$iiQ^o ^aifio adUls or i^ hydxi^tiilia l9^  tiy^lsR^hiii^ «:^ fio 
•oi^ ift 0^ 1^0 timo (^iif^o (^toi i i» X^^t i@^)« 
slo<^deai«ol ovii^ lonoi 4^eivod iKom ttio elaotroplietotit 
fttiiiitt of ooliiidyt Xi08 piotoifw lioo iMon uood to oota^Uo^ 
tOKOooRiio aolotlooiMilw C^ obooyt Jil>M| Qo^ | i i | . * (Ifdi^l* 
rtiiflooiinitli JMioilOfM^his oaoi^ tbo soooloo i^ tlM^ MIMMI iiafsyii^  
oo mttiii 00 flOMTMrol itioniht o iilldi ol^ HUf inonliia fyvi haan obottvwiKl 
i>i(M )^@iai$iil. 0tud i^«»* Hie ^l&^^imp^mi^fgxmm warn «iil£i<ii0nt 
^» g M i H , ^ ^ §• ® ^ i M * l^si i s oi^;»0eiiUy teas ai^ oftQ th® 
p&XfmaxpMam of tka mliMM htm pix^Mm m» mit 4mmmm 
t9&tmi ifi ^mm yii^,» mm^t i» j ^ M^* %'imm Um poly'jar,M®a 
»»iiMt# i t H t i i i l t F & rj^ ( r i f t i ) M»o ^itaifiQ^ tgm t i v w din^t 
bii tttMOfiiudtaid HfiMa t t e K i i i i l l i liiii& tidbiifiiiMteaiiiiMttdbi iif MtliehMM 
•wft liiMi oiii^itliiiii flMtf inJUftflfy aofiMttMlMi bttMidliiMi nirnmlittiiwiii 
m 
(mim^Sit ml iM^M, i.9#Pi se^xo t^f mill* 
fm^S ta til® ''^tjQki :.4i9sr#tirs0 p*©tato «K^^pi3«aiilS* | tw»« ^if»$t^ 
mnt^n iifiidt w t t f i ^ i@t t aeving on lacitlj si^ l^ ci ©f t ^ p&t^^ 
of oirlaint w» i (SQ^sxin In #31 ^ te BpcNJias, tIsoiigU dilf»jc«Mi i n 
iitalijin-a if l tamitf* Xt irslie«t0s tisat tiny a^Jtooj to umm 
r«l4}tiomfilp isotMd^ 1^  f^^. mid j ^ l^g^ imtimm f, ri.j* i}« 
l»itt m^ ^^ J^ ffft^ftiaa|ab cl<»80 f>l^ li>^«3f)tti€ £^iatior^l)%r mm 
i i9« «ltt0vved batMOfi the 9»mit ^^ ifjffijft, «»£$ ljSg^§, tMit qiiit« 
^ f f4» i f i t piitt««iii wvm immd ift otlMr « i i ^« iMIo j ; ^ < p l ^ 
i%yi agofitttiA «#i«ti(Miilil|» <i^  el«ft»iY »il«ti«l ipi^biHi feat IMM I^ 
««po*littf m tim lw«l« ef ttit aivtiilMiliQfi c»f •eitibt* inr^t i f i t 
l» ^ a^ i^^ fttfff viti*tl4»iM( in tli* mmtmiUim ^ •olmo* 
m 
BmAfU dliit* X% iiMmtm that this b&nd f^t^mm t^bm iim fi»ii 
OtttuyUlB flNMCIiSl iMlfeUKlinf • 
A eopt^ cm pti^ dofaafiwi i ^ dine wtiieaci in tM ^rwit 
^^a^imt^tiiti^s mm miittalo<»4 in a i l tlw S|K^@$ «€ Hs^j^* 
A »®ss^i^i^a al^all^itv tsm mUm4 QXI Um catlio^I aicfe* of 
t i l t point 0f t#:^ia i f^ t t t ion* a r i i ^ - ^ aC ik^ pmmnt ttucty 
imli«t©s^ a cldft 3if'»iliiri% i^^i^^fi j i f^fafy^f ^nd j» saviis;iii^ < 
oit tli0 ecmtsfiavt i j . fMMIfe &"4:4IJ»8 ta Im cl&mlf wlal#d •v .^iit 
ll» ll^f^isijs^- «*«*^  i|» ||Ii#ff|.* :»ii3ii0t rolati^oiitilp ta imm 
m%9tMMh&4 tm tiis» ^a@iii &f ;3^^!iol0^ieai elm^ncttxs CJiiyMni£3t 
J1953I* mom <»tt»» « i t lislii^st d|i^ i@ft »|}$»cili«; cliarsctQtistifis 
mm «!•# iaftiiit«i»t4* |is ;^ftap«»eif i«s ^ f Ivvoneat mm not foumi 
s*««*»«^*«*^ jNitt«i» di ^  jny^iift 1 ^ ^  mm^im 
show a «lQtt« w9ilsU«mMi^ ««ltti wMifo ci#iiHr« 
:NiiRMpo«if i« 4iMimm0m mmm 1M ti»«r t{)^i«9 of 
11^  fjHflilift tnwtt olMViir «li««v^ PQ«i in tJtm tl<A«ti«i»litiitti« 
p9i%%mm of Oft loiM {woloim* p^logimotio toiotiofioiilpo 
^Pi"WP001jP V*i^W^ff^w W^pi^W^0<(O^P^ ^^^Pi^i^P ^HMMimp I^PKi^ mmMlp W ^ P M O V il((H(lfO^P ^ P^Pf^^piy ^ l^wM ^^p^^lpfcipp^f^^ 
opoolilisity In Hie t|o lout jpypoloifift of ^MMW ^pooloo n o 
HI 
on 
timMk ^%^m ttmp9fMml^m On thtf ca^ %o^ #i ^iM ^mpSMi&m 
mm founsi tmmt th» poiiyl c^ mmM «ppXi««li(^t !isil)9xi»«s» #^ 
^t^s^Ung p£t>l€^ r^  f tn^iom* A pair i»C f<39r^ :ii^ t s^mf^^f^ 
f ^ laii^ai( in tbt altel^ pephoxtttifi i^tttima «f i^ ^;imim of 
^iiimm^t ^mi,M^iUm In iJiClf@«ont 8i|»dLas# jjEsith (itto) 
alsci dimondtirtt^ Iii%er^ p9»«&fie 4iMim&ni^^ i» tliei #l#et«c^hO'» 
3?fjtie tmWutm of «yclai5y Isfi© pi?oteim of v**llof^iii tJ^ d blg y^® 
^bo tiiHi nonttiiitliiffi on tho littis of Hit viMKiir of laotholioliKSittol 
oiMflraiimi* PistiMnr. tbi oloolioofeiaMlii ootlMifw oteitr o QIOOO 
mm oloo flottd ^fteeon j|» i^ii^fif^. i»Mi n^  M i M b •JMI INiofoaro 
ond 3k miiiidLiiMi« A IIMMMOO in oooDtlooitrtf of ooofeoim 'tflicoii 
^iQ^amom in tfio cott^ aritr t^lon of 0 ^ Xooe pi?otoif» of vortdlardldfi 
with t^d* 3t3t« Sim ai-^  omrij?mipi;^ 0tdl rM.iimm¥sm %mm ^hm 
^i^mmemd m MfmleiUi&m in tk& @yc» Imm gm^in p&ttmtm mi 
b«oi^ mm imf^mi^m, imimm) ^ f^UUm U mm, ^Im »nd 
«f>««l«ft titudMi* llitft i/nMM9im$ «ti«l tilt ^tm^m^^nBomin atitiysis 
p«o^ to»» ^#ay 9iiall«» aiftiiltt* mmMiM «li«ctiiMioi«ti« 
iNitlitms ol »i^ msd Ittt ty* l«i» pm^Mm hmm «l«e IMMMI 
m niMMMPMiialff ^utf f«r»fiett« mm »oi«^ i»»B ^ i * 
m 
p3Pot<^ ir© inory] t M sp@€l®® mQ i&mni to lie smm varis^lt l»li»rt 
2^-40 patlaxmo mm ievmd i;swi Uw difftjs^^ut 2o<^IJlti#s «if /Uig^fj. 
i-^rot i^r. vixiatiom warn obn^rvod lidti^ ii»D latttyr^ atid ioqa^ffn flst-iaa 
of 2,* 
On tiMi bftsl* Of t i » ftla«lii^^iii*tAft oiwiyolo of oolublo oyo 
Imm iMPotolfW* t ^ fotiv «$MNIS«O of ^apfi|difii|yjlift|y^  oould IM plirl«i|Ofii» 
tiooUy OMWii'iigd in tSm ieUmAm n^Midifis ovoliiliof«Rry oiiMr 
WtlVlli^PBnil^ Too OaOOwBplWW'Ww INNPIMNW o i H^pKi OflO l i V l wffm 
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Fig. 3. iiloctropl'Ksr^tlc pottonts of solublo oy© Ions 










msBM miwrnmi MJ jm MISM m& M§t SMM m mum 
$n t i l t emmm ^ Hiiteas itle$t!^ %ilM»f9tlQ ^^Mits m 
• laiit'iiintiiiiiwiti II ruwuj-nftlViL «*€##(»tiint •t-^ iratu of tliaf ttint lun t t i 
i»9l«iii 9i Wm imm of J r i l l lK i t i i l iWlMM C^ l^M^ mi 
imm itt«M» lilt iBttim^ «f ^^miMe^ uisemm m ^m mimm ^ 
mwmm. MM, mtim 
flji^ iiill (IS fiMi) mm ^m^i^ SM u«ai0 g Hool solutimi* Mi 
t ^ id^xicrli «««# aiiiifiid^ #t J^ % Isf »b^JU^ «% ism teirly 
i^lti?!^^ fm Isma^ itim Imam* Aftmf mnUiMm&Uxm «t 
i^tainod ^stm UmX tm^lmt of fMg^sgh in living oon^tiim w«-fe 
lE@pt lU) del iki|iittiii3 mni xmmim tui^  iMit^ lot SA hmam* 
"itmmsi^m t ^ pvotaii) ftnttttts inKt J^ PIINMWI ftorn i ^ isltale 
tTHitiimifiti l i ) toon ffinlitu *»*^ *^»** H i i i (l&l f^insMiii tumet 
( i i i l fs«»«fi» ttiwiwif 99immm «ni ttnnil «f tiw ifuih 
l i v l ilamfMTiKrtitnin f i i i^ In ooii^ kMiffidUiiliia lyBi iMfeiif im' ooft itev 
•nd ^r) i t * f i w 4i«» |vi ) f l / ^ t lMWl t w l i t t t t An Hit tMtai 
"MfeMk SdlHv^ JMUMk H ilURMV M^lf iAUM^^ ftk w A A I I ^ ,^^^^^ *MlkJMJl V^UIt 'AtitMlh JMMk-^'AMt^lk A 
t f liMB^ twi' I t t t i}00ltliii* miAiliNl dtttsl&tliit *•«» HMI 
alMKMHniiijBBi t f I M M tMiCMftftA ISMK iMMHI ^ygu|M||^Mi| jkgk fhmt^tHt 9^ 
M 
hidimt i^i iMim ^m r^ ^^ ^^ M^ % u*a^ benit a^ii t^ Hs o*ai2£i 
ffeiti «»itli a»acisi moMAm W$m}M» ftdiSu»ttt(l t o i»i a#d) • IIM 
So fliil flf ttft ttiOB M i l IttiC'f ioe* M M I jHliiiiiMii te JUI ii flt iMUdbiMlMUitf 
OOUMld i l l i t t • f l lMMi nljlicteitt OttH&lA* fmutmimt^gm mgmm A« m i4.« w A« . 
m 
««f^9tK«t0ir Bt MPQ mid af l t r %m tmam i t wm mmA im 
in tM0 % «ml Ha* ^* 
M M aittlft est l O M »ieiil4Mf t i l tti»«>3l«> tMIlt Itifltt 0lWltttlilft axOKi^t ttH* 
iitotMi!iiHi i f i t i l * (BljtintftfM'it'iiiiniiiiiMin * * e^ luiiHiftitiiiiu Ok ifetMn 
MMKMiiMiiL 111 A l i M M l t i O t i i l cwdLfIt m i mmm^km mag^iguMLmk | U M I 
^ f tMMMr iMAt U M I fttttillillll ibillittlHLittf mf urtttMir ••'nin"ii'i'«"i||illia JHHI 
sboJvvvaci iMl in UMP mmiA^ ftite a l l tfitt iMiidii mm f l i t IMP 1m 
m 
tm$m bm^A mm pmdvm^ &ni om nf M»ia is( im iim mm^etl 
iiilei sloUnr t0 hmi (a) of ^^ io3b lam md ($<Hrlox« on ^ o 
eatli^i^ M$M '1^ CiHlm^t £il^ttii%j i^ jsoti^ ^ i^^i^ C^^ ^ <^ l 
#«• i^^mnmlf iitdlmcl l i^ ot!^» tine bd i^si C| & ti;) nxir ^tmf 
i i f foiocil piiy»l««l ttiiiilltione tmm hma mimiMm^ad in TdyiQ 7 
UMI mabtat of laccitiolii fygtioMi dooiooMMl in tiiii 
lifwtiiUfttffti Hiol 0000 ftttotlooo M »**<* i,t4» oot tiiiijtfdtf 
m 
m^m ob%«in#4 l«)r nu^^tn* m g* |;ffl|1|^fl^, tint |3«fil«lfi ««K|IC»» 
of tli«» t«il0l toXt3 i^l0 pesotcin ^tUmm i^ ^istX^ ov^ Imm* oiMt 
i t eiiy not b« Di^ »€m pmitoini of »l£tila» 00^11 t i ^ «il>%«iiitd 
I l l lQl lMini i i iMHNMI t t l d ffHMT HMMdUM ittl* f ls i l i iMQiuyt iMtt mm mmmMm 
flitiCff'tiftinB fifloAttiii ftpiKiti#n lai IUMI teMi nliiiif'Mf<tit ftoiy I A H* 
iO IHIilMMF <&MII QSOlMifl HtfitWRI* MMMMHW iMl to MttllBI t^>Mi*»*«W[.a 
^tfltitti jMdj jStiMftni I|fiff3\ i^jMi iMHMurlMl *iMMitj*i» iiimiiitn §Ktm%Mmm 
i l l tkiiiiilil t m i Jttdl ooiaaliadMi Hwi Hi i i MwHftiiit iAioHftil i n 
m 
•ItKiB^fi* dime tn&t wilQeuld hm • ts^^y ttlt««io»fi09at&iw 
im gil^»%lf^ l i i # qjotamli^ IMM^$I% pmt«ifm» xt emm «ii«t 
mtt^mp^if i4 sEf Iiffi0(%»ta b t^siMm fM %m ^psniimi ace 
^^ H* ,fplfi|#i ^3^ ^ i^ ^M^ i^tlMKlie s^^gTdtiiig pxottin itmUmt 
mm imn^ i n ^  ^^ tyyij,%:jlif,» cyi ^ ooiiimlai fti4d mtm iwrntimm 
C0f I) a It) «i» e»wio(} imt k ift bKm$ ma mXX dt«if)»a in 
i|«#<iiMM| i t f mmmm'%iikjmm mmt, smmntdkMMt. mjmAmjkgm maim tt^OKlA itat^ku A\ 
Tflnlimi itMiifiitii II MMMtttttiaii ttf fioivlfllii o t l n a t I^HMI ttA 
jJi^ttfiMiiiiwfc d b M y y y i l . <ii>MiMlt.#ij>iM8L «iMMil|l||irf| «iMHUi||Mf f i i {MM|iaB« f i j M i 
4 | t t t t f t i l i l l B y y M I o f n i H M t a l n I t l t i t f t T | y u | M | M | | « | latat mimmAj^ fggm % A M | | jMy j 
»t 
tmaom* timmfGm$ tlit mxt&n in nut 0tdtitl:%lo for ^mmU^ 
«i,»^# fipsrt* 1110 ^ » i i o ^ psotairm of |^ fj^t^^^i^, 1mm ^ttrnt 
C^ ija^ cm of i^at^in i>itt(ms3si mm m% ^ m^emtd in imsm iMh 
i t m p^ix^^m h&m b&m imm$ tet Im tim& 9ult^»l# fm ^9i«iUt 
d^KlittS {sak^i 196^^ 'jaSkth m^ miM%^n$ M^7} immmm i t 
x«iiiil@ fiteicilwdUofW dmUm^ i t i s aci iitoKt 9ttyetiivtt not 
e^itarsinaliid l>y pqmtain «^ i^'^bsm tijsmm^w ®UQII IMI liloodf ndivt 
<ir BiMMSli afi^  4ii»<i «toi to it» «ef«it«fioy in quality or <iti^tity 
CtAopwiit 104i| {lAitart ind Ebtiakit i^&\m Hmm |}«ottiai «e« 
M0lf mmimAmM^ (iHllMHrt «»i riiOftki* M&)§ •^M* moA 
««lifift ^(t* ami «afi IOII^MIO ttiapm^tytii «• ikigli •» 7^hi» bttmm 
ptwUliiitirtinQ |Sai^> m»\ mv$ laitlKmt dvwtwiiiQ C$aiitb« mH)* 
iwttli4* iliallMr ftttiillii mm »Xm otyltlnQd ^^kmt I£M i$M% 
sSiall«3r «oii6Jliii^ $(3#i ««i6 iatin» ^mam bjr '.iiai.t& f^f l ' i i ) * sane 
tlHif^^w^t tilt fn&iijltft <^ il;iiilisi(isjl in tli^ olfiK#1iitplM$xii%l.ii 
H ^ «» f«ip^<iitlfi!i ^ i4 ln» fl i t tl^tsGi^MMratie mi^mmUim «if 
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cm'tQii (C), and n^cloyo (:,") of ^ 
(A) fi?a&t: and fTason o«C0» <n) frston, tl>5^ f»«l «ftd 
Toixoz^n iZ) l^it in 3 dacc:.43osin j^ fish iri rioacircu-
liStiAo top Walter at room tei^ #©ira tya^ * Cor orm d&y* ^nd 
(D) im fiv© days a«l (f!) stor^^ outdoors in tho shad^ 
f03p ti'« clays* 




iMiOT ,iiii ,iMiii*a, M a m a 111 iaCT.iiii gitSflBftiMi 
tim mt%meiUm mthxUmi* s^sUUod m%m E^ICI plsysiologicftJl 
pxis^im but ndisa c^ tlisea cm B^liMMm dXl cl^tim of pmtMm 
tm»)(i Q«aiO ^' mMm ml^Mo^ %& mliMMm dU «JU!^ i^« of 
wmt 9M Wim» 0lm^*mf;^imm%$M 9%i»&im t»mm b&m mgm $M 
mAXiOm^ atitftt ttiilliii (sis^ is&« iM$&^$ ^7JUit^ 4 «f mtmmm 
flM iHMHMMMfc tinnniltrnitliirii wngjn Mmin %gk Aiiadir H M •laiilrfihi 
AliiiiiiiBMiliiM t f IMIII; tttltftifffi ift f la^ wrti Utt laMit m/MMa^tiim 
id 
ff<iQ t$it» Im&X fifth «Mi«^<o%« iftlh ili9 %ai% and irl#it 0y» l#nt«» 
f^ tueli fIsli fioiii in9»is»md 0!tear rai^ln^j « dJUit in Mm mmmB^ 
Imm «fiift wmd i&e Qc»rti«al mud mmUj&m %mm «xt i«et t« 
px^mwi m^^mtrnXt in itistllltd mtm m^ in ^^ iellmim 
0»Qm» y,ca0t 0*cm» 0*030, OtOdOt a*0^» UmOm^ Q»m$ U M * C^lftt 
o«i^» a«i?« u«B» o»i9t o»3Qi ^»^t «^2S£t &*^» o»a&f O*2BC &#4a« 
u*^0t ^ 1 ^ «><^  0»^« 9<P»i to tQvoii tiiaoft of ^h»iw$^t of ^tii 
boon tlniiltiiil in iiiootiffir i* 
AiWMi ttilaiF lEMMK fl^ al Hilt fwi iJiiwt i n BrttiiMf^ 
Hw m»t of tilt} ecKSipda^ i^ * naaet to this I»ax4# otljdr tew bm>^ 
st9lii0d» m ^«i mfMk i l i l^ ttunm I M I oIi<» stii iMpdi30f$t&# i^ 
tii4«^ 1 ^ mmmt ktmd is vd«v iriis»«)^  m4 Xir^tly st«l^tdi« C3ft^ i»r 
tisi& timiS» (b a «) «»» ciiM^V »tdln9^ tmi^ t^ 9mt oS Wm bm^ 
l^tt^m E frig* 7B) i« p»!idb$^ |3^  p»>tiiliif& #Ktirii$teNl in 
p»tt«i»i c (ria* 7c:| is p^ ooyood in <:k^M g^  suliiio iioltitlon* 
sl^^iir p»%%mm wm alft^ <^tiii»9<l Iji o«oo& ^r 84illfit toltition* 
tt^m^ tibi mialMHr itf tls» litDdQ mm tNi »»»» «ti «lioe» «^ A «isd 0 
pattiiwwf if. <i^f«n in i^itinifig int^fwity m mAX •» in H K 
lilt a w i tMt iMndi 11 & t^« lidUiii HBt iliflklv Atidfitd tad •iMTWiMturt 
tif t titSMw itittiJL cittMKt bflfidt an tlMb AttlMiditl t idt mut jytiaiiMilitf 
flt|iiiintiii tttellt tht imatiidkRci favl^btt^ oiiOBtt'tifiKi niftrihitn ftaiitliwM 
i t M i i i 0 Cir*9» Till i t « i Bmnmm m^Km^mA in tt i% §/&im 
IbtJiit « # flfc4Mlfl t i ! * fiB <^ iMfc .MWi^ afct atjjjfc Myter CtMtt i M y ^ ^ M M I i f lMMMHt* 
l^tttpi U (Fi9* 7@| ii»iMi»tt nf only l«iii fivfttSont* Fimi 
l)««te At* on me^ 9$^ «f Hm point ^ nm^U ^^^UmtUmu tim 
ttiimiMr ursl l i ^ t l y staimKl* an tl»e i»«t;l»9dsl. s i ^ t «U tliir fiv<i 
bmv$B m9t $M&omlf *t»imd «nd 9^ipr«t®4 ^ t i ti^b otlios liy 
%9Um m^^Um C^tt«m Ft Fig* ? ) • riim bofxH <m t ^ ««tbodiil 
sMi j^ it!# s M l i t tx» pallMim i t tint on K^» ^^ KKI^ ^ ^M i^mm ®m 
mlf imxt bm^* fhs f«nii®st cal^etlijg bm^ wm voxy lightly 
0*^ g ttaliDo »«aiitil«Ku %% mmi^tisi #f 0i#it f»»etii»itt four im 
0itli@i? nSM of tiMi |>olnt of 94pplo «|^llooUoo* on ^ o eotdodal 
»im§ llio iorftkiiit (al^ '^UM^ %»<>» i«»t4^ immUm» mm mU oioJUitd 
ejUMHi to oiMli othor ood iinimrlf 1 iHr a tilito ipjmti ftraai tlM IBMIIL 
of ilto oMlfaoin itofMiwiontii H lihoisiiMMi on ^MI <»«**Mt<fc* oldo 011 liiA luttidbi 
^^^~ ^pp^^^ JPf^ Pr "^ ^^^^W^W^ ^P'^P^^^p^^P'P'I^BB^'P^WPi y •PPW^P^^^PH^WP ^^W^ ^pw^P^F '^^^'V^PlWI^HlP ^Pf^^^^P^p ^tP^WW» ^WPVVr WHP»WBP1P^ 
MHO mdEMMi JM*fci^  ilaltefclit ftljfiiiiMt lAMi OOOBT MOOilllllf <il>i 
m 
(fit* &^U ^iiv* ^ ^^ mK^tneMk iJUS^ t tliiih liPt ig^^mm^t Bt^mA 
pmAisim i9mUm (»} mm mmt X ^ U ? sM^Dna ^nmmm ismd h I s 
^mtid iM m^l MtMm^ mm^Mm i^ms^i&m mm iMnim^tlif %tMmA» 
a*M #.* m isiflittfMMMi of pmflmiMi itmtimm «&^ initttcn A mm 
§&aBA tm ttbt ttiiiMiilll ftidti nf tiEw SMKII^ M iSEKrl* tPPliJ^Mttliurt Imfc 
aniy ioMiP firiiitilfini iMi i i i i i i int OR HMT iififMlil ii^dttii IIMI f•• fhmil 
fiHJLY *it<Aik Tfjiiailnni aoHi f AtMid i a 1 ^ ismat%tiiA sMltinMi Mdtonstedi 
i l l inltiiiMMi i f OdSSO t a CkM «*'>• n i i i i l g f dliffiBMiiii mm 
iinMWiil dhin tflHMMMr than QblS ce^  ifcifcttwit iMftUtiiift §M iMMdU 
^P*T 
of 0«2Q tf «t^ 39»^ Ni0li eiolit fs^Qtiofii* ' on ttk@ Qftttieclol s i ^ 
Putttwi i (pig» as^ i« of i^rol^ln tt«tir<Kj'feKi $M w#4a t 
s#liao ooluUon* Four fnr^tiom att i^ iK^ e^nt 'to^iixtUI^ e«tiiodb» 
Oftft itl«i»^ -^  £3lgwtlag ©p^ -^ onarst (J) io os^imti tMlo otl^m b©«K^  
«y« 4iit«m«?IV dtdin^^t To^ ^mla th@ i^^ Kibt t^X9 nfo timwi 
•^8$l ^ s»i»Jli{i9 solti^iom* on tliQ cm i^oddi sido «oly tltc«« 
fr«et&oi«» Ckf une n) ve i^Niftoiit and mm SMmm&lf ^ tMmd* tbaem 
imn^iMm en tlie «no£bi siae &m U f^NUy •%alt»id «{d^ poor 
SMBWUllfllOlb 
film p«l««M» ( t i^ i^ i0« vi^^ 9\ wmm pftduMKl f«o» ^i» 
fWftliMi* IMW iiinlMilm ttf iu nyatttAtiii ml itail te tiMi Mil^ miniiaiii* 
MnHMRi A (ri9# 9A) is p««idiiO«^  UNO iMni liMi t«ttriglid in 
iil*tiil«tf tiiiMN Pmm mm^emai^ «i» I^ Mmd «o Hit «iili«4ii ti^te 
m 
4if t i l t iil<KitcQ|^ i9«(i9Ctia« th@ f«»tt3@it tal^ratitig limM (n ^ tk\ 
t m i«eHiliiii^ fxiNStiem it) i t VQty l l#it2v s t a i r ^ ^ ^ tmxy {>o«« 
^tt^sm D (r$a« tli) to predmed in L^OiS and C»PIQ cf: 
ooqpi^ itint ii) i@ in^isKil? s t^aiiKKl ki t M i 34»llii» i^sitrdet i4baiiad@ 
i t na^ i » ^ i igl i t lv itaioQd in dii&tiHaa t ^ t ^ Qsfitraetn (Fattiom ^)» 
Fatttjm ^ (Fig* ^ ) is of ^^otstim 0sitract#d in u#i& 0 ' 
sraiim solutioft 0id mm^t^ of tl^xot Ce^ititii^^ ^Mh ^ta isxtimml)t 
&%Q$m^* V^<m t^grdti»g prnttin bmt^ tilmmt to Um point of 
sar^lo ^^^^st ioA luNi ditipi^is!t«l« 
I%tti0m D <ri9* ^ ) iQ ptsoc^K^ ii^ pKotoiim #i(t«r«et^ in 
dif f<»e« tiNm p»%%mm c i n llm it«p««t titat l»ai)d | i s pooriy ttainod 
i t t i t t i f i n ( r i i * $£) i l l pt«i^ M»d in 0 * ^ ^ •«Uii« tolutioii* 
tt«M)iiig imtntity of Hio f««thMt cai^ratif^ tMmli (» a A)» 
m 
of lOmiAn em%9m and mie^wr im» of jg^  {|tyy%^l^ tmm tmm 
dUisrIv G&m@sNi^ tiff ^%mc^ gol 0li«t»o|il»Q«9»id mi tmf& l^ tait 
i<m» |^siot0im hsviriQ ^m sseit mt^ility m Umse isf t^ ioJl^  end 
AJU 1 ^ tHael«N»r p«ot0iii ffitetiiim a»» mi thci eatl^ o f^X siclt and 
D@l£i3 ^ ii^itrt sttruetitt^ tkm tm% hmw mt ^fiMSt of $itirvts ami 
fiatffeittji!L natitiiff'ina. in iHf fiKiMHSll *MiMiii.«i» ililtte4d# anniMiotefttijintta 
liMNCi ittffiiiiilL ttiiattiinAfnBiildUi fiatlMiMi wiHNi nilintaifitit in WIHI2# 
ma IfMMi omliilni off ck mmoiiil^ oi wliftfiai oix oottoont in oovtoo 
oiMl liiPt i» mitl^ioi mm olitotvitft HIIIIQ «N I aom oeooinliolioaa 
l i i ikl l ipi aiii Alif m4\» 
Mm 
i»f 4 i s t l l l « ( l «wt(Mr AH^ I n 0«0p& t t amu^ a«CSP % smUno soitition« 
«$^iNiiiit to tl»» point tsM d«i>l@ ^ > p l i ^ t i ^ cm ^ m anoctsl %iM ^M 
$iH»l<i «y*^  lanOf fifeQti#f) ( i ) i s #ls0 intofmoiy stained in njb'Va % 
mlXm 0ol--itiaii* M d i s t i l l ^ « t w o w ^a i sMJ iw onl f I»to«i«« 
end psmx i r j l o ^ l i ns , b»l mt mm^'^-^^M^* ^^ iiit©rTsa3ty t t a i r ^ 
|3®at®ir4 'mM m%l adJi|ic*iial <«at<iiA3 {i|>i>oa3rii"*g An t t i l s rar^ g® 
t isicl j aw:|yi»©a t l i t L^ri|i:y« a^ l t ag^icojit^atiof^ of o.v i l i f f o r 
e©ffW80ntr0tion (o«0lfi to 0«CAI5 0 } i s .^sseotial ar^ cjost s>ff@«tiv(i 
f » r tt40 ooX*4^31ajiticm of a U « iass^ of rs!o*®i^* 
Ooxy ftii^t^ <^itmmism mm tmmd $M tSm #^€tJrapliQii»U« 
•Ki—ttiii i» M)901» OiM p. «fii o«030 i» a*asta g?> ««iin« 
««*kA^iA ttiyte dMib liiBiHittaiid MdH^ A rinriniii ttaiMMi i n ta i t—n ^^MIIU 
£ft l l l l ls MMM ttf MtHi jmntttntMitA ffln nn tito iMEWdbii s i i ls flciXy MMI 
m 
im $m0l*M& SM ^ l i t »an9@ ^ t i l t isofi6@fi$rdtii9ii6» 
Tti0 mKiNHT mi mmmt of pxotii&m f ur th^ wmkmoA in 
04<^ 31l jnd 0*1^ t ' i»iftr»etiii9 tidlut soltttlcxis* tli@ l#«#Mm% 
to f ^ 0 %'A^ ^m:^* ^^^mt» t% &i^  ^MMi to iJk>e»em& '^^  ^& ;.-xMIitv 
of p3rot<^ fr^tiosm* 
Tim pjroti^ iii X€>Qt in MUII^ aoltitioci df u o ^ If 6of)e«mt3ra» 
tl«^ i i dllviiQiii ma tilt f#rtli^t tik^siUtm pcotoia firseticm is 
m^li^uilif) oKtx^tid l a ihQSB tf, 9®lim» foi^iticm* ttm immlnixiQ 
imt^tim% ts$,^^0tMm feM^tiom sitm&i im gmmSs^'s^f^yi* Itiis Xettar 
dM cM»t m^^mat m 9^\j&Allm in ttiis itmm ^ ^ ^ t eonGecitrdtio«i»* 
s i ia i i^ i^ sneiMiiofi viwi a3.t« ^mm h^ m&tk (i960}* 
<(NMHMLIWUKI INHMHP 4 M I llftfi^ BMWlt OTIfltllltKiflilWfIt 4K| HHUlttlH <ttlfffi^l# 
f u l 11.11. ifti. tj^ Mi £i0iMRt §%iii|r indiiHrtMi tli#% nuitfiwifii umlMMf' 9f 
m 
<M«8wS 
wmM mimi %tm^ 90I m a- i^j^o^tlii^ *»Jiyrj* r l # c«*rtc«i>trotiof»s 
^ ta l l tult^iom |j««i«^ iei}4 mlt QiimU m tl^ V^^  I ^ B aloetaroiii^* 
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A B D E F G 
FIG 7 
J 
Ft 0*35 ^ ' ta l ino ool'*ttlsij» 
« I 




B C D 
FIG. 8 
f i f » • !3licloar oy© lorn protoin patterns of qpt^Cffi'^.Iffl. 
0»A6 (jf' aaliriO' solat iont D« 0*42 t '- sali^^o solution 




a c D E 
FIG 9 
"W 
mM «Ki» plav a«i i^$io«tii^ pMt im ^im pir^ptritlfm arid m^$am^ 
so^ pmiU^m am ^mimmi t^^Mly^ bust mm wm$»% 
iHMMI yMMl few «MMMw tttftflfittMi i^ Btt* (IjHHflllllitlimiiIfiI lilCI nmmutttmmi I t Wn^gMi 
|y9id)» flMiii i i i iwitliiittimi iMtiMi J J M I imnn iiiMMifiiMl M M N I M i i fiJIMft 
n 
Hit tg«oit9 of sono ii»lm» $wm mml»m Um irnumm #i^ 
iiw tt^ %mm pm3^6i9im of %JIO voty olo^oly sol^ slMi tpooloftt 
of oyt Imm pmtoiim of tlit«o tm opoeios iMNrs olooti«)pl»a«oti* 
fimlly pmmam^ t^^m Hm m9i:^mmu mm boolod for cUf fotont 
tiM tut^nrolo^ t ^ pifiEpooo of tyii otydy is «o M^»t««mli«i» llio 
thoisioiti^lity ^iimmmm of oyo loim p«otoim of tba ai^ v@ 
^n olosolf vtlolodi wp&^$0u of tiM<»^tialw» 
^llfr4:*%>il.J&iiRII^ Mtimmm 
ma tmm m^ tmmmd imm &m(^ imU.'w&MQl of ^w 
^ ^ ll» | | # | i ^ * «jiatMi iM»ro OOUOO^NI ffoit ioeol fl&ti oosi&tt of 
sM^m^* 1 ^ liKSiO ttSKm o%(»p»(it f»o«9^ in ^ OOOJUKI oontoif^vt* 
€khm Imm wm mmmm^ few onoiyoiiia Vsm nusioot Ions $>iotoiiio* 
OtOia 1^ . Mll«i iMftlulioo mm oiyMl foir pvopotio^ tlio oitfroota oft 
ifiNNiii m mmm%mu^ of iMMHoim c w o u OIKI y&oi^ iiiot 
tti UMI^  oa i i t i l t wiMtm i^ aUyuiw fhiBiffiio* no liiuitnofil «•• 
la 
in 9«^ Nr td «i^u(le «ofi«9nl«»tic»i 4iiimmmm fur ttiaij^ l^ ii^  tlio 
i^ »a pl#otd in m tmt h&^ mti miMlm fs^m tote p9im wm p^^m4 
1.4, in md SAm Bm^ ^^(0m p§Axm mm9 wmmm4 tsm^ tii0 l»oiUfli9 
imm<^$i^Xy gn ^tm im hAth* Hit <i^ ^»i«t& warn t^n mffi^3£ii%s^ 
sixl •4nitiwlfMi LntH'iiltiii' IHI I I M ItiiMli* 
fflMliiilit f f fW^^ CTat»l« I I «iii Fit» 10)1 
Simt HiUlltiltHI i t i (Mmitit l « f t M i l ¥ i iMMlAlttMl MMl b M iMift 
n 
«Kir9 im&%Q4 for I m9 miA ^ &m sospoeUvoXv* uight lidndls aeo 
di»t&cto(l in both t^ p^%tmtm% of vM«^ six iNkiicb att «m tlio 
eatbodal &ld? and %%io l^ r^^  m^ toasm^ th@ arioclfi* UMI p»ttmm C 
i$ nnl,il:a '} in '^lat c%7 1 !^^  i^ iodbl 3 i ^ tint fipaati^id l^> 4 e) i^ e# 
i0$s ii^to^Mly s i i i i i^* ttm^i fm%himt oi^aUn^ protMii «i»)E3po» 
tlKs 3'iaddi oido haw b##n iltmrtiifod ^ I*»attfi9« 
i i on ttm artodai $ i ^ i^ iiie^ is ^^V lig^Uv @taiit&d vdtb pom 
f#fiolu'iiyo* itiiti d^%ti»m iti yiO^a of p8tt0it)a a & c ici %%»% 
%h& alo^st cii.^mtifHi iwa&Umm (l» on tha anodal •i^o «nsi i 00 
th@ catTiodia 9 i^ ) #f tha pt^t #f «ii|>2« «|ipii«#ti«fi «»• fl^aeont* 
ori tl)Q ei!tho<l«i 9id» o^ttT bor^ ato «i£3iXar to p&ttmm 3 4 C* 
fttto«i» <mly f i ^ «al^io#« eaiip»tii«3 isotnlfi mmmtm^^ IMA no 
• i n l i i * %»|ii«vl«Mly ilaoiii^ti imuMmm wi fMHtMNi IH 
|)«l%Klir) f la ptoaocM biy tSMi axtvaffli tiiiiiMl §m M mm 
•iMl «Oiitlili «f t l i i o fiMotlaiia talyt l^ MMrttiMicli) i t i l ^ l l l f 
iriiil md m i fifUMf %m. floHHliMttik iHMite aiMi iiiiiHMHii^ w aiatiiiiii 
t4 
of a a Ht pio^taKl firaca %li» l»3i» «silei«^ lie« i^<l for IS wad 
timn tim pattern 0* 
tlio pmn^itAn paitimBm pe0i$mem$ ixxxa iSm m^nlttdi m^ h0«%^ 
i^i%iim A is of p^nl^ii^ fxm ^m mimMil^ Imm asctr^tt* 
nmm tsffiotiKl i i t i t«« and 3 ttiHi »ie|)<ftttii»»iy« 1%it« iNHidt mm 
fiiiftiMHi% fisiaisiftijmi BtxtlutAM fattndl I f 1 on tlMi ifFiiitiil ftlilii And 
IMMMI f i ) 111.111 fii"! tik I te jfM^ nA flNl jtawiitli* afitrliifiHfeiitffi i i i MMI 
OR tttttthodbi^ siAi i M to iwiinlJMiti audi tofeiMftryar ftiAijMMlft 
ami ilMMi iliNi iMMNtloiitt* dedv ima buoA in inuiii wi ilii^ iiiNfwiil 
1K& 
Xm% nil 1 ^ lf«itl<m» mm ^itMm im p»%imm B & c mm^ Hit 
i n tMM pitit@i^» 
i^ mm md tmm$M%$ tf tiiii itmUmm C it a o^  ort ^10 «»I^I«KIIII 
si4t fMof} ^fit ^oil stuiiid^ 
i@ «Eiil S# iMm mi^mUit^f* '$m ime^^mt a&^tiiUi^ pnyt^iin 
f»«etloiii& {ri s (@»| mm imMt4 but imty Ii#iiif tii^fiod* 
HpfttitfiiiSJi. Miiiteiif ct i^^ ^ i^ M^ f^ i9» ^)w 
u m ifliWHMiai tfliiliMhl I ^ I H I ^ li^ ^MmMit ««^ i^ i'Mfc iril I M I ^ k^ 
vMsli m& hQ&ki^ im iB mmi^ tm imtVbmt iaimfMm fi^Qp»r)»»t» 
* 411* 
(# & #^  i«» i»l»fit«ly etslDOd but ^i» lian(l(k)i6 te«MKl audi miX 
u%^im4* ma^ im} Is voty Jli#itly st»ln@d ^ 1 ^ im^ pam 
mt^smt Bg MM pi^a«^ic^ lima %tm irnxstmr Um di^irtiett* 
Ift IL ftl iM i iiOMIS^ VtttlMMi irfL'til llOMf moll i t i i i lHi 
hmm b&m mi$» bf p&%m4$ w^t tmxSm^^ i9M md imi>iiS>$ <ltM« 
':Mm^m$MS^ Miimfmrn^ mm Altsirlir diai>f»tf»ltd in 
p&l^ ^£ im t^oxmtini ptotoin ism^ %mmBB^ %hsi e#l^ ioci» mm of 
iirdlir nc^ilitv* umn ^ify^imm diiimmimi^ mm t^mmtrnd tx^f 
in «|#|£)iftg immi^tf^ tMm MMimmmm mm% 1« I b^ ndi U 
i® abcjftf^  U ^ tmsmm'^^'^^ pmmm in jg^  itaSiJM* 
f^ p^ jstAifi ti£tra<sti at idmM tgfo l<^m m^ i&m$ ta ^ 
fnv fiy^«#t ^mm 0m^^m ^ |^ ,||ffifi^ |^ i^ ,. §mi ^ HUff^, ^^ iftlX 
Jbini isicc t^iiiiyai ttf @» laiiHiliiiteyMi tlbMHi iie f3k ftlttiiilyttft* 
A M c ^ ^MMPWiMitiiM 1 ii%¥ ttf fWittliMMr lAfitt GSm^iMMa taut luMKa 
Mi^ fllliNiiil irisiiiy *.ia^ iff!iiitii%if A hmm t l i i i i i i t i i t lT t t i i f 
lA liwt* •!# imi 9MMUMI |hiA«iitt«f miiSi^ r tais §m^Mmh 
flii wMiifll liMi i^iltliii mm Ifcttfiiy llMMM I^iAdki ami inliii 
Y\3e3 
>I(WP**^[PWBW'?W iwP» w^ff'^^ Jf ^HBHTIJJIW^^HIP' ^WwSPIV*^Pij|f^P ^P*W**^W*^W'J!W W'JP wlr» %'§llMMNl|MWvH||k ilW|if(r#^P 
f @«^  t^mi^n in tli$ |«0lii4» pattatm mm js^fedod 011 tli# ^theid). 
intturftlt* tlKi fartlttdt ^^pTftUn^ pto t^qdm 0! tii#i del#«uliiir 
l i i i f lit Qsm ifi ^itm^mt pmmi»%fmm thm lift ^%m* f:^^#tliii 
^i^tttfs 1^ low miM^^^m ^ i # t * i M i eonfi»n9 t ^ l i t i l i f ^ 
of t ^ i l i Ci^^^l #» «s0»tifiiil Mm pNitniim of Ghi^ i^dl xtK^f^li 
and l^ ip^ %mm {ml%k^ i91^)s slc^ls^^ ffcip mm^ilis fni j||f§, 
4% luMl IritiMi ifiiindl llMfl. fHi ttftodliiii caiflaittldLaGi estoiliitijM jawt fimai 
IMIMMMMMI ttn iM f^aHttr IMMI ssNiiidfii ti* Ck aoHBiieiMft and cw rtiriliitiii 
liaMiAtmk i t f i M f Mft ttUMHMIMI tti* JUI IMMt JMd 8 AMI MMOMttftMllilf« KlMl 
amillttil a iAMai i i lB ajMlAilAMB JMMI <W.iMi #«> Im A^g^mkummA f f i t l t l l f i^yMl 
'ilMi tjrfctMwHtf aiiinitiliin flttniaiiitt* AA l^ tami iM m •mttiMNr aiflniilift 
n 
Alt^ iKiyi^ i ^^ hmMi 9»o^i$dm ^hm^^nm^ wd Urn #igPt* 
of il»{^uBr»U(m a<ipoiv^ M$9Ci«t %^'tliat of ftJUpooiONi to lioirit tlio 
iintiMP^pocloa diffovof^oo oould be <^oo«fio<l fxora oloot«opl)ci«ollLo 
jpdtti^e^ b^ difimmMi^ peMXitf of xonwdi^ Usg psotoim* 1^ 
tili^lsi wfa lofHt fmir lipii!i I D J;^  p^ump^. sn^ t«io ^i»)is $M 
9* ?,^M%ffii <^oi>P^«eo(2 of tor hooUfiQ lor cm mm* MIor f t¥0 
^m of hooting* 3ti« IJ^IK^ (O tm tho I»IQCIO1 oliio oftil |»^*a»fi a o 
on tli@ ootiiodoi sMo) %iMro pronor^ io ^ |fff^tffjfe,f8, siioxoea fivo 
t^ i]N$t (o cm tl9e? imociol ai<dio m^ Ut^»n r« o on ttKi oottK»aoi &i<^) 
9pollor dp@oi«tt dlff#rof)ood lanrt ol)tasvo«l «^ti^ la c^ 
24 900 of tiooUfigif i^ btMio tii^ foxttioot ^0mtim pcotoin froatim^o 
(II a o) iMio i^ imootit io tm^ tHo i^ »ooioSf (lifiO«iii@ oitly i a 
otoidifm liiiOfioity« 
j a # 4kM|§ A f t M u y ^ HMhtjKJMMt mmatitMtmtiL a # I V r i l l i O i n i M l t l l l fliiaOiyiilMi —MJ 
foool ondt tlMM oloi liiijilhiiiiwt Iniil t \t <* iod nnijMi «•*•'—*» mtiSL mt 
OmfMMHdbBtQl MMUlUb 
l o M t t i off M M U I (imairfiii aff |iyyyiM|fe«]iatt^ riinntiilmi Mf 
^mt^im pi ts&tu tlMT 9p®^bm mm»$M Hdilmf ^Imissxig^timMfi 
p&ttmem* m Qng^t(»4 fw&a tilamlf »il«%od I^MI^I^* l^tolo 
#xtirs$t$ ii@#t9^  for t^ifmm^ Um yttm^^h nfmm^ %mmmifi(^ 
sias vmm mm of footed ttiofi on Hid eol^ io^ loJl ^iio* CSp»(il«rip 
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F G H 
i s tlJe sat» as patterns ©f 0»,:»:i<,uirtO a M f foa oj*-
trocts ^Qtad for m l^m ^s (a0c)j i,3t5t®»A4, la 
and 24 3P0S|»cti veXy. 
A B C D E F G H 
FIG I I 
FiQ» 12* mtilmT lorn pstoi^in pBtUtvm of qi^ c®i>ti#|,M@ 
t^odiieetl from ynteat@<i ana Imotod ©Ktracta of 
14 soc ana It) soe TOsp0cU\wly fcoij ^» p^mg,ta[^. 
ami pattoxTis At f 0; '^  Ci ^^ or^  i^ &UuQ^ l»oai unhodtoe! 
en^ licatod oxtwiets ^f @ and X-' &©e is>5p0Ctlv®XY 
T, f • 
« ( 
Q. punctgtui 
A, B, C, 
O. »trtotu» 
FIG 12 
ting mwm pmt^im (Bi^i^m i | i L « t l l^it t»wuM ftnd ac^i^«i»f 
k$^$ tim»tm% 1.9^ 7« riisnajto |^M.*» ^^^7:^ )* X<) fidNi» a» nMo 
in o^Ktr wrt<ilit«t«it ^K^ iNHnx» |«ie«t<0ift pottttjpns eboesvtd laMi 
fotind to b& sg®eim 0|>o$ifie ( S ^ ^ * ^^^S ri^ t^ snt i^ OCi)* I t 
pirovidki^  m m^ul bmM for tixoitoaic ttodids C^^^^^^^i^t 
X9^t :^mii» i 9 ^ ) t Hi al@a 0 praetieai i:»ttel foir 2r<»e£i9oiaif)g 
(atUUien f l jtt»i ltQ@) ani ««MHMmiJl etisngai^  (Soit»i IWf)^ 
tmpmn^mm im^Jtmm ind i^ ui^ Eflieiif m^i m4 «««t«M» i>«lb(»lii9i<^ 
iMMMMI ^MMVCMMIBSII 'ijhlfll fftOiHtifl* tityt HIJUI tMNIH filMMyMlliil 
imdUMik i i i i i m n ^ and tinYiiil _ i§Mi SMnvit UMI i!MiniKi« 
m i i l i l i iml i in f^lMltietflt* idlMIBii^ HBlAMtti MOMMNI M 
iMUMn gg|A||MgMM| In fiaiija mill oiiMir aiMiijiiMMiiiiMi tyMM j^ bui iMMtt 
uiiMl tn -liiiMMiiMi nnmitililiiiMi vlMtfH^ mgiig. ^|^ tin^ MniAi | | | |M| | | . 
i9K 
pvavi(it9 «it«i3 in meow^tkij^f^ mml^MJomsitf «oi«tionshl|»* 
l%m& &Xm mmi ^tw^imi mtmitimp^m9tiimlli» 
ll^  MlMli ^1^ 1^ .<|#i «Mi wwpmmeiMi In rift i^» 
<ilM>g»wl III J0 §gijlg ( f i ^ i3A»B» ft C^ « Siwtn tni««iii» M l 
iwMfd §A jStfiilnMi il ftttvtx* i ^ i fififtlii^ ami #|1 tan en 1 ^ iniMtil 
»id)>* 1 ^ iitmtSMm (n affd l»\ mmm% im tbe point uti o d i ^ 
mm m9f li^ttJlv ftdimd» pi^mst im pmtt^n w^nm (« a ®) mm 
m4i9m%sflr @titin«Kit iMItt btMiq) i» immti %» lit t ^ teoadSHit 
consists of aigtit protein mm^ i^i^* i3al« Mi the pm^in 
mldition^I p^t#in mri^ (4)« i>i^ ieti tiiiiiNS htsvy stain* 
c©ll»et0d fiws Tdvur Cii«g# »iHi Paaettii e«mil «ii^  wwtiiis »9¥#fi 
fractions* %^i9h m& &Sd^lm to fixtt tin i:^ E%»tiiiii fsnotl&m of 
p»t%&m n* Fjr^tiQM(i a k)of A a B piitt«s»ms ai^ alm^ntt but 
&m pm%i»i^ mm CJ| i« pmmm^ \mlmmm Htm turn frmtiom (i a k$ 
o f i»«tt«fl1S A «lldi Sk 
^ ^ ffiUli C^ 9^« ^ ^ ^ ^)» i ^ t i v u in p»0(GN(MMI fc«ia ^v«» 
nM mA «»Hi&t%i of ftin immUmm^ mm«umc$)iM tmma inti 
i l i M f i^timtf liiiftM l^ i^ttw tirt6tioni(«f 4 a •) «i(lilMt U^ 
m 
eofmittts of Qmf&n iumtimm end i s diff«ciHit txtm l l» pettMm D 
(Fig* i30)* i^ pt9%»im mmm (4 ^)d J^  i»» ^tiii i» ^M3m 
f«»tl^$i cilcprsiingi t;«» parotdin sofiss ( i a k) asm ^UMmt %» 
%h&m «»f p0tl^9w ih a 3} <if J,* rt^|i» A ws^t slolXacitv Is 
TisximF Oilf#i?^t pdtl^end (Ft G a 11) &m o1amisyQ4 in tli© 
pattoxm :-1 la ps?©a«©^ fey JtostiaM flstu 
iE»f fidli @ollQet«»{| faras 1^0 s^l^ljn (rigt i^F)* All ^@ firaeUons 
l»N>««l and ilaslily 9%»imd* 
mttmm G (Fii« I3G} viaiMk Is pxieicyoid f»sm tti» umem 
pmn^im «f «iiPSMr i ^ i t mmiMU «f nliw iNr*«tl<»i»* 1t»» h»fd h 
• I iisttiifi f i t 4rtwiNil in tlilt {MitlMMefit tviiilyt tlipit «tiyiUof)«I 
tjM% iMIi jiatliiin s invKliMMd iif fittwt #1 iilw alitliiti»» 
MiHSR A atwuli «igt i iMM i^cMfit* vim* fivi iiM«nio»t m i 
#tilMl i l l fBiH^itKBk &tt YlMHMi iMMiymi MMt f lMian ttt faiMihtiii CmMltiidBt 
I3& w5» 
pstteini of gm y.0j{ ,^ (Fig* i4c)# i^ul^tion Mfim&nom ma 
n€3fl soon in ttiis fiah« 
Il*a §0rji3 p«<il<iin pettaam #f £. I>j|f^.a^^,||?, eomistis of 
nim irmtiom (ri§# 1^)# rarthast '.Hgt&tiaq tm fvB^Wms 
ax0 bxtmdf dir^ i;iay otairs«Kl at^ aXosQ tog&Unx* iwmli^m f^ PdO-
tions also o'.jq^ f strong 6taii4.i^ xoacUim* 
HKJ newja piPstoin of ||* ff^ ji^ ijlji^ g is Icnind t© ©©iitain 
9 imttiQm (Fig* i4"^ )« lnit«its* '^«Gific diff^irtncoa in ths 
P0s5alaticni c^£ ariv^ 'f^ll am imt aatablistMKi* 
p»tt««n 2 (Fig* 14%) is p^ roduooa l»y Hid fish&s of Onvdmin (risiit 
I39fi9«l) ami cimsifttft itf nirw l^ metiocMi» vimaim» oig^ tJtmUmm 
9m foynd in p«ll»tii J (Fig* 14 <|) oly|3inoit f«t» th^ p<^tiliition 
of Aii9«ii» Qm •Xo«r alpnttiiiQ iMmUmi («) dud DII» fwrtlioftt 
9§^9mU)p$ immUm (14 ^y' p«ltiifi jr ««• li#iliy Atdimd tlban 
l^iil «f i»ittoiii S« atoiilwif mm f«rltiitt edagoMm fti«ticm (n) 
^l^^^iW ^WIWW V^WF'^ 
tlmt 0Mimm^ wmtm px9%&in ptMmm (At i ^ O «» 
i»y liiMi Miftii iMm mmi»%M ^ mtm itmUmm* mMmm 0 
m 
i s aim prod^^d froQ th@ mmm popk^&timi ami irovtaia r4m 
ptitttmn C (ri9» l ^ ) i t pxodiiesd froa «iv«^ r^»U^ md \m$ only 
six fraeticms* 
Ton ifxiitMuals of 2* %^^^^• pi^^^^f^ l^ofiUcal pattajjoo 
und t®n pi«st<?in s^nts aj?» duto^ stadt (Fig* »»u)» 
iMrm pjpotala pat^rrs of Q* ntti&tm «omists of al<|hi 
firactlons (rig* i^ H)« it^ividmX diU&mmm mm mt fm»yi in 
t^ @ fi@^s of any ^p i i la t i^n* 
tiff rivQir rMi fitihts (Fi^ « i^T} is quit^ difi@x«»f)[t ftoa tlust of 
ii^ft ^»^hs fiftlii» CFi9» iiSi^ )* Xntir^opuiation cliff@»@n«#d asm 
not dttleNBtdd* 
(Fi9# I4i) anEt #!«««» §m f«atii« (Fi^ i* i^)« F»ieli«ii (q) al»o 
<«w«l«« in «M» 9mm in v«o«t«l to tiMiiniiiQ inltfitity* 
HI 2 * ffllp. p«lt(Mm H is pmOmtti t9i ionituvt fi»tu 
wmmn immUmm mm f^ mxl* A 9lmm 4if fttwfKMi of PCOMD 
p«lt«i^ i t $mmA ^|n««n i t (ri«« i ^ ^^ otli^ POttoini 
Cnti iap A a} of j ^ mil* 
IK7 
m tmtm9 indivMiftls of ^ f^idjJ^ i^ !»»» »t4ssv@d fur 
%\mm montha* i\ daiar^ X® of 5 fisfi^s «i08 analysed &itm m99Y 
m 4avd of iiit#xv®lt« 
Xn stuifvifif fi@$}9# no s i ^ f ieant clisngd lis mtod in 
%tm iimt oonth* In the mtmn^ m^ti^ of stuxvstion tli» stdi»» 
in^ Snttimity of f^ sMStion (k) ^riduftHy dbamii«oo* Aftosr 
tS days of sts«¥atio« twiti fir^otiotss (f s. J) disfl^ ix^or CF^ 9« 14^ f)« 
tho froctian (k) xocKiim m Issm&d M^ tint of noRsaii ao«ua 
p3?ot«>iii '.jot less (Isnfe* l^ete^aft^ w ctia?^ In tlio a!icira«t©»* 
ist ico of soitn pafotoim is ebmrnmi* 
Useoo iipo^ro^ln fisotiom oio «op«rfttocl in ^lo &%m 
of jE^  a i H i i f t «««* i^ Mlfi i^tt CFi9» MA a Bh m both so)ioe 
•iffiMi niMlMRr of iipoi«»y|«ii) tMiOtiom «E« xoooanlod thjroug^nt 
%tm ifmm aittioiagli tiit s^Mkt fvootion i» cioarkly diainod in 
TMnHtfuiht* 
/ 
«l l i i |yM in mm of only g^ pjawtftiy ona |^ ^^ gy^ p^ h|lii» |R 
l>o^ i^pifl/ii tMi Inltfiitiy otoining ^imm bootft «»• atloflod 
& 0|* |)A|nMl^ p(NHlfl9 lilKliMtiOfii MH not OiBWMhM^ tf in tlBJ^ilfidliit 
f»«GUom but th^ tianoi^ l P«tt«fn of g» ^imii^s^ U fomvi t0 
T!» a@ra of a* aa^n&E* St msM* a* aMsSa «^ 
A tmpi^iM&n of ttm ®mm^ $motQin ^l^tx^^mxogrmm of 
IZ iwmtm&^f fisti epoeisd iP»vodlo<l a rotaai^ Miblo pi^nHolitm 
bottite«n tlio ^Im^am^iomtie p»t%mtm of o2ot«lv volatod spooioe* 
Tlii ptQ«^ % utiMty I,i«ll«i%i9 that if tti9 %» •$> i^o» &m cloaoly 
»«i«t9(ii ths oJUmtfopl^ omiie paftttmis <iro found to ^ siPiUr 
m itfiiill«ai iiitliin tli» tpeeifie U^ts of tlio p«[yti«niliaf r^otip 
of I « « M J « « ttiis olit«iVi%loR i» eomistofit cAtli o^ iwr ottidios 
in itmimm Umm pw^aim iiifmm» i967b| wm^ «n^  mtUnt i969| 
TmpMj0i^Jlif$ Mftf IM8| 0wiin» l$7SOt 
iwr ipi i l i i jttijfiiiiifiilifcDn i 
m 
WLm%X€^p>^is»s9i%ie PBltmm n l ttmm siejor oMps* j ^ 
tiiotJ# si£iiX«ritl«« 99ti«t i n sorae» eoopon ^i»«l« (Flo* JP)« 
ptoii&in pQ%t^»m of fiv® iiajce oafps* by t»a@ of agar 99I 
®leetii<^^ho»^i$« 1^ ^ f t t e l ^ o»|y f iva eoqpofiaitlEi in taeti 
8p®i$i#s ^mmm rmm llidn f i v t f^aeticms dix& tttmmmd in iSm 
nmmi ijxtit&ln QlM^tm^^lmmgstmm <»f th# tlwe# raajor eavps 
&}i«iniii3d proaontly* I t b(i«(mfts c|\iit# mdddnt that atiKrd) gti 
#Jl4N$tl?«^ K>«#$i$ d^?itjr«t#£i i%»ip0 $or<pofiaiit@ and giim batt«r 
iptswit %hm m^ ^l* • dfeam!3f (it^M) tins »spo»toil 0 ol-nils^ 
ob&ervstiofi of if)l«rsp<ici«3^ vsidatiom in his ntydy of t!^ 
f»#&hiiftit@r fisl^s of tJbitud states* 
mtcsspaeifi« 4iffQtmem in ^ ^ ^ ^ siro fouod to bo 
ttttMt siiglitf 1!i» poi»^tion 0f irivtr f idi pro^ut^ t««> 
l»itt«iM» lti» ify|Ktii^ »wBl«» v«rl«ti(m in tli» »s»i0tiv9 c(Hi«t(i» 
9B<I |MMMI # B ifeNMWVl to I^MMllGnlMMr tXK(iy f i t tMMI (iPKUUlCtfli JMNKS^  
sHQiiliit l$9^ si4pi g[^il*f 1MI | iMil lil#M» if! aMtint npmim 
IwtMiiR Hw t m nBptltttoni of cinvv i ^ i And nml l i i «iy not 
lWi9HMKUMi» Wf MWISIMIiilliBl* OR IdMI iftlUK' iMMMit VWlBtillUS in 
m 
the tovuD ^^ e^ otQim of Flv(»r mU. eatty Iso dUQ to haae«ciitaiy 
^ ^ -^I'p.'fciJ^ ,. gfttla. p€^yJ.atian in lak& nh&ikha mm qititd 
aif f0iront fvoQ that «f riv@ir i^Xi dd @vl4iin€ed lify th£>ir mmm 
ol}fl^ a»@il batii99(t tfse«e %«» popolatiomr* oif fer^neas lo ttit 
bami nii^ ix^ JP and pobility i^ apaaar to li& n dlxo«t p»3<^ of theix 
betoiging to dif£©«®nt goiisi pools* ri^ aarj (IS^Tb) also »ii^irt©4 
th t variation of $C»X%K) p^ to in patt«ffim bal^v^n ti-« sai^ iDD 
impiilutifeM fl>l©0o oalj-aon of tkmm*i ^ ^ 3-4Jdish aalaon). 
Si'jnifica«t diffoxomoa «i^ m fi^Uo m%Qi in ttus al«)ct»o-
pt«aptti«s p0tt©rmj of g. SyHfef i:)iffusion ©f lKin*fe in ,^ atfe<»n Di 
iibich diffow fjpoa pattern A» My bo csuswid by aany faetora* 
Ptttim^ ^ariaticms %-'mfo mt doooimtratcKl in gm i^r^^ snd 
tti® mmm i^potftln p«tt«vne of 4* |{Bt;liii^no^^ £COQ t s^ 
yogwilitteos di»o v««ift4 Imi only in »tai»iii@ intoniity* tiftam 
AtXifitl« sal£»o* 
fl^MMunRMi in lilMi ititilrh>i 
n 
pTot&im of j ^ S^^iE* ^ ^@lxi tM» ^J9 to 9ds:$>liiig «f ims 
K^? sar» i>irotein p^ttoaw of ^ ;^fejr^ .^ i^ ^ 4om m% 
QiMMX mvi varlatiosB if4 tin tjopalntion of afiwjr i^ aJLi arid 
and f ocaaia 3i»ys:j pyotoin pditowm iri «^ lig^^l^u^* ^l^dlar 
©bsarvatAaiis liova boon LioOo Ijf^  HsU ^^*9 I9(il; T^a^d WKI 
li0lMiKts« I9m una Aida eJ^ M.** ^^ '^ *^ 
An^y^is of &d»yp protnin of lixaetmra snd r.)i}twa f i&i»is 
o^ S^ SfiUll ;^ o^ (^^ >60^  diffoswit pdttfiiarfia ti««»a9 Montiml 
ptMmm mam obtdintd tm fifths of the sarao oatodlty* 
ntmmA 1^ i^ wifi^ ^^ <!m not show any imrlAtlOft in i t s 
OOfUS} pfDttin Sn I te f i l l t SMMlt^  of OtiWl^ lKliMI* Hi t ^ tOfOMl 
sioiitti tiM <»fiio«ill«tlon of (O&uEiin fiiEMtioii Htnmm^ii 
s & ^ f Atnot «lMf)99t WHO ot^ oorvoci in tha tlii«4 nonlb vAiifi tm 
Tilt olctlmplMtifllt pcttttn of liioo^ psnMkm of j^^ l^)^ lf| tawit^ 
^oi boon fUMelNl to diwfi9» tfNMar m 4tm «t otavywlloii (oi^Utaif 
pmt&in in ^1^^^ f^^Bjil^ ,. etioofml vdXh&n IS 4ffly« iMl© ttiis 
p«i«iiKi 1^ 1^  mt iuffiei<mt %o af f^et sueli etisng^ in ^Vffip^ ,^ 
ptttaam of immh ami imwm tim^l^m tmt oi ttm mwm ^mapim 
ttmt |:«al0r^a f»a«»n mU^og^ (-3d°c) »f salaon pl«as«i dJ4 not 
^mtie&llY imtvktm^ 196% I t e ^ s 01^ matSM.'mat 19&4). 
i * * 
* ^ £^ ISIfffN^i* ^>^ ^ "^ ^ff««o«it siolkilitiiis* ttio ?Mdli9 
iwmUm wm immm^Y t t i i i ^ in jimmwmK^m imm^ fish* IM« 
ttlMMNrwBUim i s in •pMMnBiil v4Mi A i^ JiLil* ( ^ ^ } «(t3o wap&e^M 
mm ttf Hit f^ r»irfti«Mit itt«lfi»d Urn tiiglMMit vaiut Hoioai* dptwinin^ 
iiMMUMNiiy iinifiiil M^MWI lMiKiiti« iimitviKi <liffiKwiy| '^iKfitiii paraiwiifi 
ptmmm mm niMi in j ^ i^iiai^Mi* tt^ nwti ami HMtin il9m) ^m 
fa 
dill not i$M mff ^lyi^sm^iMm in th» tmmm tmmimmin nf 
pc»rpM(Ks hits hamt mp&B%»d ifi fi»li»« l»y a»ni^  imrfliUget^fii 
it^<$dtcil»i 0f $p^l@ii i»na fsally (t^^rit 19^^)* 1til9 ®l»o 
tiolds tmct tQ n 9»@iit dKtxmt ^ 1 ^ %k& ^m1i%m of ff^Mqip^iii. 
TtKj tt^emX m1^Tm& p&ttmm #f ti^ti 0p9«it0 «f i^ Ji^ ff^ pyp,!,^ , i® 
ttowr.»rpl'il© i to . f W1® b@f^  in &ml% f^^ ^dtes* a-nacias Oilf^ etfwj©s 
ai»i eX#@tlf ol)@#rv«Kl |}3«®uit 0f ^ f ftirtnt a^l^litiaiii @f c»@t#yasa 
l}ari«ls» ri9 variation ^i^MMmvm hm tmm fmmit &ll popyliiti€»ii3 
i ^^ i i ^ t ^ S4»^ liffifKlf f.«mc3i^ xpble 0dlMr^ »# p»i»tt«i9fi }i«0 also 
ttmm mopem'^M i(% stisxm (ii^ mii» Jl96l>s) ami a>tti4 spotiMis 
IWfi !ii/mm md iitttiiit i$e&) • ATM} Mm « ^ to tlio «tti«m of 
8iit< t^oafii Qodfiiaifiaiit «llftii0 tji»nm* 
lipofxioiiiaif ^mmihmAm m^ ootttiffot wm invottlpieil ^ 
wumk mt •tmmm^mmtlm in ooaMiitiioii «ltii ^uto^teaieal 
m 
staining ca^ thocit* iMfmp99iHis, MMfmmmm vmm efimmwd in 
stmt f^ Vtm u,y0Gtm* thwra ntmm^ rnt^ h9 ikm tm tmm4itm!f 
diff«ftfia«« ^ itimm^ to sisif ww^ ef 0m^§ mwixomamM 
md imMm t)^^t»t Hiuppljw c^ upmiim sfjooifieityt mmistmm 
t ie vaJTiationi googr^liic variatioi} md mKlmm ^lymstiMmm 
sf® 6m§xMmdt topt^xir i^tli ^e^3i«» mfm^^^m ^ ^ sftgenga-
ti«On 0 f pft>tClil^ltt« 
j i lfo»mai3 in ^«x3^in p«tt«tm b&timm taaturo and 
icpaturo f islx^ &f g a ^ ^ j ^ | ^ , "iiBrci otoi^ev^* tb& mXm and 
stdivation affc»«t#<l tls® prot»ifw stnistw?» ««! tfe© laQxIari 
eteifj^ vmsi «ff®«t®4 «ft®r 75 <lfl?ys ^ ©tawatioR* 
Sr> i»i9pai»iir)t imd upaitnini i^mlm om of tlis ttmm 
lilH^arotdiim bsiivl st3ii%»d iiit««m.*l/* ri» polvoovpttii^ %ed 
mwBm^ijfi mmm m^smmm p«tt«rm mm ^kmmmd in 
lETStftbliitiMU ioiiMi flfttoflHUMi figiiticMnEB of <iLffttiiiiii ooMlity In 
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4n «oss:^ «M(it4ou of pU^wi f^otftin of Ayw in aeoiutioo to 
Aitk0fi, |#o» and PoriYf $»Ht iir?2» Hie 6««yGi p«©t«lr» ©f ^la 
s^»^^^ c^ii@lii» s « i i i ^ ^ asi* l iftfw* ,i^ 3f:®M'» 
mh%m$ 3*0. and aradoi^t A.*\%iU ^^U .»«wi ^ gii^uliii p&lfm 
Qaatwttt I* • » ! ^llMicait ^ 19^7* soltMd lam pm^im of 
aj^il^ l« li«i» sttiUlAo mi Y * «tffttiauuii f^ roe tslf li»» * i* 
itS«iMit :^ MA^ mmUmitU^i^ «% ^  iiytlitiUUii i9m m3£ imm 
IWWf 
Wm» mf* W9B* mm p^%%m»m^smM$X ^%9 ^MMit tli^ ointo^niot&e 
«f tb0 f i a h . g f e t t ^|ga|. i « g ^ . H e g J i t m^ 373..30O* 
of t l ^ oy© ls§m e€ fi«lw Mll^S* i l M * jWA-* JaSSiit ^ » 
fisii&s» y^^§^» |H^» a 9 M ^ « 
c:olj»^ t iiiF* sml ^t^^lgt v«t* X@i@Se« studies «KI tho diatriimticm 
of t@lt^l0 piTQitoim In tl)» nuelGus dM eorteic f roe 
of tlie solt^ie |^ i?qt»io e€8:jp©wrnt$ in tlia ctiry»tajllifT# 
Col»b« il»r«» 3 n ^ t i» ami fi^ sonigt \r»U itiOb* tlid cUst^buition 
of t ^ »oI«i>l,o pxoloiii ooqpofioni» in tlM> aryfttoliino 
lomiHi of spooliaiflo 9i mp^niMmm^ to^Uloft ofid liMIs* 
QOi^ t B»F<t I«i0t» 3*f* Oi«l I«k^«i9# V«ti i1l^» ttio d^ fttaHUgdiUiOn 
l«iio#t i f OMiSMilo* §jpp» AyiB^fB* ijf»yi#« IBi, ^Al'w^^* 
OMUNHTt 0*11* It4l# iltttMlltaMtiO «lt iy»l* «t ollttliVi «f 
OMnHort a«t aiio«iMf« a* ond !»«iaclon« A«itlb I9i7t si^ id^ on tin 
bdloid fxfiyliiitfi of Hit <lio f i i l i d y^Byiliuift *****i»****> ju\ 
j t iMi i i f t * 
:^i9kt FtHtQ* i9^» tti£> gor®ti« mA9w fg^* Ig^t ggj^ t 6C»*77. 
l^ w©© »p#e4<»s t^ XTKliaa e«f|>« JBMI* Hffig* l i l l l * ,i^»« 
t i t ^Hm s^Kly «i Hmd «t tiift liKf VKark m^mxf ^ 
Sittttllt l4»Nr7t 
i iy t ?*!!» I H t * iMyittoA in Hit l^nt pmMkm mom tiMi^tot 
m 
finH pi^ui#tiwos)t» sssKs^xs^* .mi* nijijiii* jiMm* HSOSP^ ^ X^ 
and »tptili«. .J | fe«t m^ 2m»m^. 
t3@iits&h* fl«f« ana QomiXm$ ifUQ* W&* m QUiitm^muMe stiswv 
dr various aniiaa plai^ ttG* £• gl<?l» |Jgg*» ,|^» l*-aD# 
M0o4 pJl«m39 ,^ rot(»i{i«« XIZ* lli@et«t^ho]mU€ studio 
of tt)o IsiliKid atanja protoinG <»f sow tai^ JiitiiMls* 
iiaoNNita Ul^ H^i* lam f»!otol» pftlpiWggtoltMii In liiM^^ v^ y and 
^ wlB^ l^l^ jjRWBwMwJ^  ^  Mj^^^^^^^^ ^W^^Jfcw j^^HRft^p SS^Bm BBKSIEM * W W * ^ ' * ^ W P W ^ 
ijji 
ICIO 
BQi^elici^f &«.f^  i 9 ^ * !i«ii3i@ pli^i^ftl |)mi>«»tl«>« of ^ » •stdvus^s 
nm'^* H«t#t vxioclit fc*m»» PiHil®#n« E«0* Afid liiMrtt J»w* XfM* 
pX^mi^ mllB ami «#9ruy |3£i>t@ifii in wsaeim f i$li# 
JBSE* .,,,,^1* Mt JMi* #fel* M» S^c l^>^» 
and cfstoryolofy* ,^lfisiia ly^^^ ,^ , (F*ti. Futr»iiiat ©!•) 
:^st#in« c:«j« 194$« Dsilati&n td |»0t#iD ovoXuti^n in toii>i«r^ 
»truet%;@s«»« ijATO* .ff#.* i3^o»i3^« 
«ii«><£tl«»i f ^ mtiiiMmtimi in tlit ^v^iialii^i^ oC pt^ftnins* 
Fin»t ^«lli» S#ffftf a«A» « j^ Ofiilioeif ^ i ^ 3 * tli» |ar3t«ifi@ of 
> JBMll^  HttfiniMiliii JU 9M9a« 
fllMMKyyt i i t i i t i i t i f mtmaa iMtttiiiji i f iiiM»i% tiMii* 
M, 
i9 SL* 4P6*<ry» 
lli«llfti% JWt S i M i ^ t /l«Q* ifld A l i i S»A* I.t73«ft fi^[l9gl#l)|ll 
MM^Lim iSliMiiill* iHiliiiirifai i n l i w i o n i t ftintiMrtiii MJl'i 
nitntaliiii nf liHi tfuwi JUHM JMIHI I I M I miilMHiui iHMltrA fitting 
10» 
irltawBf lift «f^ xeismift* h*f* 1934* ol^ad tmnm parottin^ of 
j ^Mtm« K»c* <I954« sll«»roi4 l isten i»f £siilii« mma and 
KocrhUt n*r^ sud liaitm^t^fii :>»1» 196?« ^^iyasafiMc audi aonoaap* 
HiOft «f ^ i» l i i in i t f l i i k i t t « l ^ l « ^ * l i ^ l j B ^ f!^ay^^^l|||^ 
ICKI 
iimnfitF fljiWi'ii 
MM** B« ^^ "^ ^ 
tliifiiisi* n* i9S0* El^ Qtafia^ i^ori^  f^ mm tiir pj^i«t du plmtm^ 
«^ ' f\c,iPt^ Mir. ^ ^ ^ i i J « i 300* Bi^l* (Paris)» a<^|* 
:MI^** M » Al«3*il^U* 
t%^/ m mvU^s^ Urn prateins, ^ ^ j[t f;tf#i,%r,V 
|Jlsnii(lll« C* 
iiifii»»ai* c*» and iaimr* <;»i{»A» liiS« A tllillim tpMMw of m§ Itt lMitf OtLt* «» i HMRlar* H»i* iSl^f tta* 4itl«i oilll(0ii • ! 
tieoVt JttC* 19!^ 7* tf)0 pamtOiiisi of {^fining and xttc^gnising 
mUmhlt»t iu$ a^ic^Of F** s^di^osaldi %* ana Andbt H* Wf7U 
irigl^ liit sard* J^lH* ^ H S i J i l ^ ff^lV* £ » 9^ «4S* 
•KKt idMylafMviidi m Hit t i t i i i is9«f|iiiis of ttia vdif^ iifiiw 
ttirtlt* SilMI flill!£lMHKl4(i fTifllllififaf! JU JKMA** 4Clii 
uKiailMri 0* and H^Qfwiialt Ck ISii* aiwwi trnmimewkm ta mm 
J^pPWWP^ ^W" ^^ WMPw^^ ^^ P-^  ^^^^^^Hj^^^^F^ JH[^BKJIF ^i^H^^^^^'^'^'w 
jyoft 
riMttnbmrgt s*T*t Wmm» uo* mi omm^* c* l$72m tm^ ^9»^ 
tJnttnUtji a»il*F« 19ai« itko m^ ixloXogi^l tost for t»loQd in 
^p&Gim ot £isli®o. 1 ^ . ^^ f^ t^ ^ y ^ , 1 ^ . ijgjfetf J£» 
AtiMiii« (MOtttfi* mgi^ M l * j g u i 10^ j t t i^ * & ^^ ''^ ^ 
•^^^>i^ (p i f f i j ipl l^ t») dixS t ^ ^ CS^ telSt JsBill I*) 
?^ c(i»fi« U o M lidstiiif i« i9Cjii» tllood protein syiitemtics of 
J I * ttie Y « f o t a i l i n g ©f aAj l t iK^imt calf af«l 
«ra««pyo«i« lonim* a ^ ^ a . ia«tol» M ^ M » ^^ ^^ '-^ O* 
iMiryt A«Jtt snd mm^* V»jU l i iJt* iooM {»t^ia«»o(^i9al<siJ. pc<^ «sp> 
t i w ttf ^Mi MiiiitF mlirtftlii finstelfMi of l l i i bovine mnt 
iriJ^HHuil 1ft fttiftftftUSf <i»«» «%i.MHiMi fiititftitlil fdP UiBi nadjrybMiKr 
^>^^ (MMtlllilBMAL til^fNMD) ii»in0 <il»« f i i 
i t i i i i i i l i l t i i i i i I HdLiMMMiitf i i t umaAk* MiiMftlMii* 
ii} Hm si^)M0 mieliNur oy^ i Imm pmx%^im of 1^ 
metion r» protdimi* 
Urn ©I b|if<lft# J | | ^ » , aa Ml*» A» 3iO»316» 
i@i 
•tiisty of i^ eiyt^ ifiii imm nosBml and irraUio l^iiBd l9rYiMi« 
"^Mt&f ft« X^?# r!^d)0aitej)i studl^^ on t t^ f ish I^ood* n* m 
eiiitystxi fifth* igiy t^ j m i « ^ E ' A* EMM* &• 
f»ml«e©, o»e» i9i4« ^ilaette^slieKQtic sttidli0« 0 ! nam mmm 
l«rotoirt8 1^ tlapa^ txoyl species arsl ll»» *»aultin| 
siiilcyf c«Qt i$0fh tim dbiliwwitniillt f»H«t«Di 1^ avian «^» 
tiidlki flWBiiaiieHi M AAMMwmn-nifl i|uMMtftiMiii» null* JH^MI* 
sHOtyt OwOt if<l7t iviPto&Mii liidt«vy IMMII t f m^v^Uim* 
MMmf* CiOf IfHO* A «Mi«}«eillM •tttdif • ! t in •09 tii it* |)tot»iiw 
llOt 
SidkHqui* A*C|» Itflil A l i i S*A« 1974* lll» dtfttrliiifclofi i^ 
^isMm0§km ®pQgi«* M i M i * i t f f * 2 i ' ^ ' ^ 
ositlit A»c;* i^ia« ilK> #I@6t«oplio%^ti$ sli£ir$«t«riatlO!s of 
I%0i0im« Qnmt mil* W&I:* M* i^1i^3^« 
f^^tli* f>#0» i9li0a« :JLo«t»0i: i^c«otie st\idi#Q ©f oyo I^rts paratoirts 
i 9 ^ ) * 
Baith, A«C« 1.966 *^ llie«^«i|^Q«ittie etitdit® «if aolylxl@ i:«ot0iii 
fipftBt jbaMnii mjgiiaA d f l l lHBtfil l l^llfUlB tt juj i t l l^ IsllliaftyBa 
fixm (HiAilifttCfiii And AMttmyiiii* itttt ^otiJjKtia^a 6« 3T7» 
Ofl 
Siaitlit A*C» i9ii«» PNitAii iNMiiitittA 1^ ^M «yt l#fi» macsl«tii 
SEsitlif A.C;. 1770« 5i®ct»3|3lio»©tiSf aoiiMsiXilv aria Uioftiootabl^ 
l i t y clilf0«of»^9 in i>ralc^it^ of oyt lens nuclei fzoia 
t^ ie 6lo«ely mXa%»4 fish op(»ei#3« tlis yullmdin pm& 
Si^ttt» AtC* 197Jla* Prot0ifi 4ifCa»oiio@i3 i n ttm oyo I«ins» a»t«]c 
ond mieioy© of iriclividuai eh«niml jwiokfisli, ^^t$^^^A 
3aitht A«c# W7lb* Ttm mltMxi fomtstim in of® iQm iwcloi of 
Sf3itt)f h*Q» i97i«« omttiG dfiid «v@i^fUofi«ry sfisly&i® of pirololii 
vwritUon in @vo l«i«9 mtelAi of tsiniioss t^mxt (ii|ta& 
snltl i f A«C« ifKt ool i l i t i i f i t fUA« JI04 *^ vitrlatlofi i n i»ot9ifi 
m'Jvm 
smithies i D« i^&* 22ont 0l06lsopliciir#»i9 in utm^ ^eXs* 
-jfivuBt^ .^! t%j^ I960, ij^MBJsl.,^mmjmm.M^^' 
iatt#jr fish* l« intimiyotion: 1I13 dciteisxiiimtion of tlie 
vart43ti«3n ol c&tt^ >o$itien of fish* | ^ | i a « » Jg, 
An tli» lilooiS of finh IIP681 tlio fuilf «f 2ii3tii^» 
unfit 11M0&* ^BSSL* 
£• Mlffift* iSHM* M M * ^SS*» & Ti3»7^. 
p^pdr 0lo«troi>ho»»tie pattttrtm of th@ Mmm of 
Thm^ton* H*v* il967* aX<iet»(»plidar«tie ip«(tt#»m of btood 
s^ru» protoim; ftorn minbo^i timut t^j|iiy ,^ifl|y4n |^^ p • 
TiWiM« H* «iml noboirtst a* i9^« spoelos dlffof i^rtoos of sopt 
as i^biitft of §9X<BmiMm )MOO^ on tliti» mwolo ayofpoii 
Mitnio 1 ^ funis mi^ffm$m *»••**«»i»««ia*sKa4«iai 
o f SftltttiO JDIOtOiflB OOiiullliO i n i M f **w*t<B lilHlUffftii 
giiii% «M*t*«aj*n#Mi hur iMJtJMiMi^  m i l gdyuMiM|wj|u|M|U|ii|ii 
j ^ 
mm %imtamii!mm^9m 9i mm«il& a/o^»m miA I^ IMMI 
poiy^ iiwIlM e^m $ti^ i t s 9%iif i«4mett in iipt«itti0n» 
mtii^ eovt i t i967» c3mi|»i<Kl twi^yftl^ifiaty n t^^ ngts in pr(HMiii» 
U4 
%mspii»Vkt <ltgpNMli'ttoff}» J|^» ilOt* ^ 1 ^ ^ 3^.»* l|^j 
"iolawl* T» #»i^  fisschGiTt F# i940# a2.^ctiro^i««i«i8 TO f i l t e r 
:,^ 30dt3f '%B«t ami rings®t n*U XW7* i%/2iii§efi9stg af piasaa 
nil iii#7f • 
